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Abstract 

Plant  cover  measurements  are  used  to  detect  changes  caused 
by  grazing,  fire,  and  other  factors.  Tests  on  both  high  and  low 
production  sites  of  17  areas  in  the  West  indicate  that  trained  range 
personnel  rate  small  plots  similarly  in  respect  to  the  area  occupied  by 
aerial  and  basal  plant  cover.  Plots  used  ranged  from  1/8  square  inch 
to  8  square  inches.  Equal  area  rectangles  and  circles  were  used.  All 
are  well  suited  for  rating  plant  cover,  although  the  smaller  sizes 
tended  to  be  slightly  more  precise. 

Oxford:    268.5.    Keywords:    Range   measurements,   range 
surveys,  plant  cover. 
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Estimating  Understory  Plant  Cover 
With  Rated  Microplots 

Meredith  J.  Morris 


For  some  time,  land  managers  on  National 
Forest  and  other  publicly  owned  rangelands 
(^  ve  expressed  a  need  for  an  indicator  of  how 
"^  luences  such  as  livestock  grazing,  big  game 
e,  recreation,  and  other  environmental  factors 
3  affecting  the  range.  In  my  opinion,  plant 
ver — percent  area  occupied  by  shrubs,  forbs, 
d  grasses — is  the  best  single  measure  of  these 
pacts  upon  understory  vegetation.  Several 
idles  by  other  people  and  some  preliminary 
)rk  of  my  own  have  shown  that  rating  or 
oring  the  area  occupied  by  plants  inside  small 
Dts,  or  "microplots,"  might  be  used  to  estimate 
ant  cover,  both  aerial  and  basal.  If,  in  fact, 
ver  could  be  estimated  accurately  and 
ficiently  from  rated  microplots,  then  this 
chnique  should  be  considered  for  general  use 
id  for  possible  incorporation  into  the  "3-Step 
ethod"  for  measuring  trend  in  range  condition 
'arker  1951).  The  plant  cover  index,  as  derived 
the  3-Step  Method,  is  synonomous  with  the 
equency  (of  occurrence)  figure  long  used  by 
ant  ecologists.  The  plot  used  in  the  3-Step 
ethod  is  much  smaller  than  what  is  generally 
;ed  by  ecologists,  however. 

Frequency  is  partially  dependent  upon 
ant  cover,  so  the  two  measures  will  be 
rrelated.  The  degree  of  correlation  will  depend 
)on  many  factors,  however.  Hence,  the  value  of 
f  equency  as  an  index  to  plant  cover  will  vary 
Dm  one  set  of  conditions  to  another. 


Previous  Work 

Although  several  authors  pointed  out  that 
ant  density  or  cover  indexes  were  larger  than 
;timates  of  plant  cover  obtained  by  methods 
ich  as  points  or  line  intercept,  they  did  not  give 
asons  for  the  difference.  Hutchings  and 
olmgren  (1959)  discussed  the  relation  between 
ant  density  index  (frequency  of  aerial  and 
isal  cover)  and  actual  plant  cover,  as  well  as  the 
fects  of  plot  size,  number  and  size  of  plants, 
ant  dispersion,  and  plant  shape  on  the  index, 
he  overestimate  of  cover,  or  bias,  obtained  by 
Be  of  the  loop  as  discussed  by  Hutchings  and 
olmgren  (1959)  is  actually  identical  to  the  bias 
iscussed  by  Goodall  (1952)  in  relation  to  the 
v^erestimation  of  cover  with  pins  when  the 
oints  of  the  pins  have  greater  than  zero 
imension. 

The  idea  of  using  rated  plots  for  estimating 
Iplant  cover  is  not  new.  The  use  of  a  very  small 
plot,  or  "microplot,"  has  been  limited,  however. 


Hutchings  and  Holmgren  (1959)  summarized  the 
results  of  a  test  on  synthetic  plant  populations 
composed  of  29/32-inch-diameter  circles  with 
concentric  3/8-inch-diameter  circles  of  different 
colors  randomly  located  on  a  strip  of  paper  2  feet 
wide  and  60  feet  long.  Several  observers  sampled 
these  synthetic  populations  with  a  13/16-inch- 
diameter  loop  at  1-foot  intervals  along  randomly 
located  50-foot  line  transects.  The  loops  were 
rated  to  the  nearest  one-tenth  of  area  occupied.  A 
large  number  of  samples  showed  that  the  rated 
loops  provided  close  estimates  of  the  actual  area 
occupied  by  the  artificial  populations  of  3/8-inch 
and  29/32-inch  circles.  Estimates  were  1.2  and 
1.1  times  greater  than  the  actual  for  the  two 
populations,  respectively.  Some  of  the 
differences  between  the  actual  and  observed 
values  could  be  attributed  to  sampling  error, 
however,  as  the  rated  loop  estimates  were  quite 
variable  in  these  particular  populations. 

Cook  and  Box  (1961)  compared  rated  3/4- 
inch  loops  with  point-frame  and  single  point 
readings  for  crown  canopy  and  basal  area  along 
100-foot  transects  in  a  mountain  brush  type  in 
northern  Utah.  For  the  loop,  a  measurement  was 
not  recorded  unless  one-half  or  more  of  the  loop 
was  filled;  this  constitutes  a  2-point  scale.  Only 
first  contacts  were  recorded  in  aerial  cover  for  all 
three  methods.  They  found  that  the  rated  loop 
overestimated  aerial  cover  for  shrubby  species 
and  underestimated  it  for  grasses.  Estimates  of 
aerial  cover  for  forbs  and  basal  area  for  all 
groups  were  essentially  the  same  by  all  three 
methods. 

Winkworth,  Perry,  and  Rossetti  (1962) 
compared  estimates  from  three  sizes  and  shapes 
of  rated  plots  with  those  obtained  from  points 
and  line  intercepts  in  an  arid  tussock  grassland 
in  central  Australia.  The  small  plots  used  for 
rating  or  scoring  were  a  circle  of  1.9  cm  (0.75  inch) 
diameter,  and  rectangles  measuring  2  cm  by  5  cm 
and  4  cm  by  10  cm.  Presence  or  absence  of  aerial 
cover  in  the  circular  plot  was  scored  according  to 
whether  cover  was  greater  or  less  than  50 
percent.  The  rectangular  plots  were  scored  in  10 
percent  cover  classes  from  0  to  100.  A  comparison 
of  means  and  variances  showed  that,  while  the 
line  intercept  method  was  in  doubt,  for  all 
practical  purposes  the  five  methods  gave  similar 
and  equally  reliable  estimates.  The  point  method 
and  the  rated  circular  plot  were  more  rapid  than 
the  others. 

In  July  1962,  a  preliminary  test  of  rated 
microplots  was  conducted  in  the  Fairfield 
District   of  the  Sawtooth   National   Forest  in 


Idaho.  A  meadow  site  and  a  bunchgrass  site  were 
sampled  with  25  randomly  located  points  each. 
Four  rectangles  and  four  circles  of  varying  size, 
fully  described  later  in  this  report,  were  rated  to 
the  nearest  one-tenth  of  area  occupied  by  shrub, 
forb,  and  grass  species  for  both  aerial  cover  and 
basal  area.  Litter,  rock,  bare  soil,  erosion 
pavement,  and  mosses  on  the  soil  surface  were 
also  rated.  The  same  items  rated  on  the 
microplots  were  also  recorded  using  a  10-point 
frame  at  the  same  sample  points. 

Although  the  data  were  not  completely 
analyzed,  summaries  showed  no  apparent 
differences  in  the  ratings  from  the  different 
microplots.  The  point  frame  and  the  larger 
microplots  detected  more  species,  however.  It 
was  also  noticed  that  some  of  the  microplots  were 
easier  to  score  than  others. 

Since  the  use  of  rated  microplots  seemed  to 
be  feasible  from  the  results  of  the  preliminary 


test,  a  large-scale  study  was  designed  with  the 
following  objectives: 

1.  To  determine  the  effect  of  selected  microplot 
sizes  and  shapes  on  ratings  of  cover  or  percent 
area  occupied  by  plants. 

2.  To  estimate  the  optimum  microplot  on  the 
basis  of  a  minimized  variance-cost  function. 

3.  To  compare  cover  estimates  derived  from 
rated  microplots  and  pins  in  a  point  frame. 


Procedures 

Study  Areas  and  Sampling  Layout 

The  study  was  designed  to  sample  the 
major  range  types  at  17  locations  in  the  western 
United  States.  These  locations  were  selected 
within     National    Forests    and    Experimental 


Table  1. — Vegetation  types,  locations  on  Ranger  Districts  (RD)  of  National  Forests  (NF)  and 

Experimental  Forests  and  Ranges,  and  sampling  dates 


Vegetation  type 


Location 


Sampling  date 


Mountain  grassland 

Mountain  bunchgrass-Thurber  fescue 

Pacific  bunchgrass 

Sod-forming  grama 

Mixed  gramas 

Mountain  meadow 

Mountain  meadow 

Upland  herb-aspen 

Sagebrush-grass 

Chaparral 

Mixed  shrub 

Sagebrush-bit terb rush 

Pine-bunchgrass 

Pine-bunchgrass 

Pine-pinegrass 

Aspen-weed 

Annual  grass 


Helena  NF  -  Townsend  RD,  Townsend,  Montana  June  1963 

Black  Mesa  Exp.  Range,  Crawford,  Colorado  July  1964 

Sawtooth  NF  -  Twin  Falls  RD,  Twin  Falls,  Idaho  June  1963 

Sitgreaves  NF  -  Pinedale  RD,  October  1963 

Snowflake,  Arizona 

Santa  Rita  Exp.  Range,  Amado ,  Arizona  October  1963 

Beaverhead  NF  -  Jackson  RD,  Jackson,  Montana  July  1964 

Tahoe  NF  -  Sierraville  RD,  August  1964 

Sierraville,  California 

U.S.  Sheep  Station  Exp.  Range,  Dubois,  Idaho  August  1964 

U.S.  Sheep  Station  Exp.  Range,  Dubois,  Idaho  June  1964 

Prescott  NF  -  Granite  RD,  Prescott,  Arizona  April  1964 

Roosevelt  NF  -  Redfeather  RD,  September  1964 

Redfeather  Lakes,  Colorado 

Tahoe  NF  -  Truckee  RD,  Truckee,  California  August  1964 

Manitou  Exp.  Forest,  Woodland  Park,  Colorado  August  1963 

Ochoco  NF  -  Big  Summit  RD ,  Pineville,  Oregon  June  1964 

Starkey  Exp.  Range,  LaGrande,  Oregon  August  1963 

Routt  NF  -  Bears  Ears  RD,  Craig,  Colorado  July  1963 

San  Joaquin  Exp.  Range,  Coarsegold,  California  May  1964 


Areas  to  represent  most  of  the  major  range  forage 
types  of  the  National  Forests. 

The  range  types  and  locations  sampled 
and  sampling  dates  are  shown  in  table  1.  At  each 
location  we  selected  two  contrasting  test  sites, 
one  containing  an  abundance  of  vegetation  and 
a  similar  site  containing  a  sparse  amount  (fig.  1). 
The  amount  and  homogeneity  of  the  vegetation 


on  the  two  sites  were  the  criteria  for  selection  as 
test  areas. 

The  size  of  the  sampling  area  varied  from 
about  1/2  acre  minimum  to  about  5  acres 
maximum.  Fifty  random  sample  points  were 
marked  on  each  site  (high  and  low),  making  a 
total  of  100  sample  points  for  each  location.  Each 
sample  point  was  located  by  means  of  compass 


Figure  1.  —  Two  contrasting  test 
sites  in  the  ponderosa  pine- 
bunchgrass  type,  Manitou 
Experimental  Forest,  Colo- 
rado: 


A  low-production  site 


A  high-production  site 


km 


n 
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bearings  and  pacing,  and  marked  with  an  angle 
iron  stake  with  3/4-inch  flanges  driven  into  the 
ground  to  provide  a  fixed  locus  forthemicroplots 
and  point  frame.  All  stakes  were  oriented  so  that 
the  open  side  of  the  "V"  faced  north.  The 
maximum  height  of  the  stakes  aboveground  was 
about  5  1/2  feet;  measurements  were  taken  only 
from  the  4-foot  level  to  the  ground  surface. 

About  3  feet  south  of  each  metal  stake,  a 
surveyor's  wooden  stake  was  driven  into  the 
ground.  Each  wooden  stake  was  numbered  and 
tagged  for  permanent  identification  so  that 
remeasurements  could  be  made  at  a  future  time  to 
measure  vegetative  or  site  changes. 


Microplot  Ratings 

Two  microplot  shapes  (circles  and 
rectangles)  with  four  sizes  per  shape  were  tested 
(fig.  2).  The  circle  has  the  least  perimeter  of  any 
geometric  figure  for  a  fixed  area.  The  rectangle 
was  arbitrarily  designed  with  the  length  being 
twice  the  width.  Each  pair  of  shapes  enclosed  an 
equal  area,  so  that  microplot  shapes  could  be 
directly  compared.  The  areas  in  square  inches 
and  the  dimensions  in  inches  for  each  microplot 
size  and  shape  were: 


Rectangle         Area 


1/4  X  1/2 
1/2  X  1 
1  X  2 
2x4 


0.125 

.500 

2.000 

8.000 


Circle 
(diameter) 

0.3989 

.7979 

1.5958 

3.1915 


Aerial  or  crown  cover  and  basal  area  by 
species  for  shrubs,  forbs,  grasses,  and  soil 
surface  items  were  rated  at  each  sample  point. 
Items  rated  were  defined  as  follows: 


1. 


2. 


3. 


Aerial  cover. — The  vertical  projection  by 
species  of  all  live  plant  parts  from  the  4-foot 
level  to  the  ground  surface. 
Basal  area. — The  area  occupied  by  live  plant 
parts  at  the  ground  surface,  or  the  area  defined 
by  live  root  crown.  The  basal  area  of  plants 
with  basal  rosettes  was  understood  to  be  the 
area  defined  by  live  root  crowns  only;  the  rest 
of  the  live  parts  were  considered  aerial  cover. 
Litter. — Dead  organic  material  lying  on  the 
soil  surface  from  previous  years'  growth.  Dead 
centers  of  plants  were  also  considered  as  litter 
if  the  parts  were  in  contact  with  the  ground 
surface.  Animal  droppings  were  considered  as 
litter. 


Figure  2.— Set  of  eight  frames  used  in  microplot  study. 
The  largest  rectangle  is  2  by  4  inches. 


4.  Moss  and  lichens. — Area  covered  by  moss 
and  lichens  growing  on  the  soil  surface. 

5.  Bare  soil. — All  exposed  mineral  soil  and  rock 
particles  up  to  1/8  inch  diameter,  and  well- 
dispersed  rock  particles  up  to  3/4  inch 
diameter  that  did  not  provide  a  continuous 
cover. 

6.  Erosion  pavement. — Particles  of  rock  from 
1/8  to  3/4  inch  in  diameter  forming  a 
continuous  cover  on  the  soil  surface. 
Individual  rock  particles  from  1/8  to  3/4  inch 
in  diameter  that  did  not  form  a  continuous 
cover  were  classified  as  bare  soil. 

7.  Rock. — Stones  larger  than  3/4  inch  in 
diameter  at  the  soil  surface. 

Two  teams  of  two  men  each  worked  at  each 
site.  One  man  on  each  team  made  the  readings 
for  all  eight  of  the  microplots  at  all  the  sample 
points  in  the  site;  the  other  man  did  all  the 
recording.  Therefore,  two  complete  sets  of 
readings  were  taken  at  each  site.  Forms  were 
designed  for  field  use  that  would  allow  data  to  be 
transferred  directly  to  punch  cards. 

Sliding  metal  arms,  which  clamped  se- 
curely to  the  angle  iron  stake  at  a  desired  height, 
were  used  to  position  the  microplot  frames  in  the 
same  place  (fig.  3).  The  eight  microplots  were 
rated,  in  random  order,  by  each  observer  on  each 
team  to  the  nearest  one-tenth  (1/10  =  score  of  1; 
10/10  =  score  of  10)  of  area  occupied,  for  each  of 
the  items  that  occurred  in  that  microplot.  Only 
one  randomly  selected  microplot  frame  at  a  time 
was  used  by  each  team  until  all  the  readings  had 
been  made  at  all  50  sample  points  in  the  site. 
Within  each  microplot,  ratings  of  basal  area  and 
soil  surface  items  could  have  only  a  maximum 
total  of  10;  the  aerial  cover  ratings  did  not  have 
any  combined  maximum  value. 


Figure  3. — Sliding  metal  arm  used  to  position 
microplot  frames  in  the  same  place. 


Point-Frame  Readings 

After  the  ratings  had  been  completed  in  a 
site  by  each  of  the  two  observers  for  all  eight 
microplot  frames,  point  readings  from  the  4-foot 
level  to  the  ground  were  taken  by  means  of  a  cir- 
cular point  frame  containing  10  vertical  pins. 
The  point  frame  was  designed  so  that  the  10  pins 
were  equally  spaced  on  a  circle  with  a  circumfer- 
ence equal  to  that  of  the  largest  circular  micro- 
plot  (fig.  4).  All  hits  by  species  on  live  aerial  parts 
of  plants  and  hits  on  basal  area  by  species  and 
soil  surface  items  were  recorded.  Only  one  set  of 
point  readings  was  made  on  each  site. 

Time  records  were  kept  for  each  of  the 
microplots  and  the  point-frame  readings  (that  is, 
{for  each  set  of  50  observations).  When  an 
{observer  started  rating  one  of  the  microplots  at 
jthe  first  sample  point  in  a  site,  the  recorder  on  the 


team  started  a  stopwatch.  At  the  completion  of 
the  last  reading,  the  watch  was  stopped  and  the 
total  elapsed  time  recorded.  The  watch  was 
stopped  during  any  interruptions.  The  time 
involved  in  taking  the  point  readings  was 
measured  in  a  similar  manner. 


Data  Analyses 

Microplot  and  point-frame  data  were 
analyzed  in  the  following  steps:  (1)  Identifjdng 
and  informative  material  such  as  plant  species 
names  were  edited  and  coded  numerically;  (2) 
measurement  and  coded  data  were  punched  on 
cards;  (3)  computer  programs  were  written  and 
checked;  and  (4)  detailed  variance  analyses  were 
computed. 


Figure  4. — 
Specially  designed 
point  frame  used 
in  microplot  study. 


Analyses  of  variance  were  made  on  the 
aerial  cover  data  with  plot  shape,  plot  size, 
observers,  sites,  and  locations  being  the  main 
effects.  A  plant  species  thus  had  to  be  present  on 
both  sites  within  two  or  more  locations.  A 
maximum  of  seven  locations  could  be  used  in  the 
combined  analysis  because  of  storage 
limitations  in  the  computer.  The  analyses  were 
repeated  for  basal  area  ratings  of  each  plant 
species  and  ratings  of  ground  surface  items.  A 
mixed  components-of-variance  model  was 
assumed  in  this  study,  with  microplot  shape, 
microplot  size,  and  site  being  fixed  effects  and 
observer  and  location  being  random  effects.  The 
components  of  variance  in  this  mixed  model  are 
shown  in  table  2.  Note  that  the  main  effects,  A,  B, 
and  D,  and  the  interactions,  AB,  AD,  BD,  and 
ABD,  have  no  error  terms  for  making 
significance  tests  (F  test).  In  these  cases, 
approximate  tests  were  used  (Cochran  1951, 
Satterthwaite  1946). 

Point-frame  readings  of  aerial  cover  and 
basal  area  of  plant  species  and  ground  surface 
items  were  summarized  by  observer,  site,  and 
location,  and  compared  directly  with  the  largest 
circular  microplot  ratings  in  analyses  of 
variance.  Methods  (points  versus  ratings  of  two 
observers)  and  sites  were  assumed  to  be  fixed 
effects,  and  locations  a  random  effect.  The 
components-of-variance  model  for  this  analysis 
is  shown  in  table  3. 


Results  and  Discussion 
Microplot  Ratings 

If  the  "best"  microplot  or  plots  were 
determined  for  each  plant  species  or  soil  surface 
item,  each  cover  type,  each  site,  and  each 
location,  it  would  be  difficult  to  select  the  one 
optimum  microplot  for  management  purposes. 
Therefore,  the  microplot  ratings  were  analyzed 
for  a  particular  plant  species  or  soil  surface  item 
and  cover  type  occurring  at  two  or  more 
locations.  Note  in  table  2  that  individual 
observer,  site,  and  location  differences  are 
evaluated.  Grasses,  forbs,  shrubs,  and  soil 
surface  items  (different  forms  and  shapes)  were 
all  represented  in  the  combined  location 
analyses. 

Examples  of  combined  location  analyses 
are  shown  in  tables  4  and  5.  Table  4  is  the 
analysis  of  variance  for  ratings  of  aerial  cover  of 
Achillea  lanulosa  Nutt.,  or  woolly  yarrow.  The 
four  locations  are  mountain  bunchgrass-Thurber 
fescue,  upland  herb-aspen,  pine-bunchgrass,  and 
aspen-weed.  Note  that  significant  differences 
were  found  between  locations  in  the  main  effects 
and  in  the  interaction  terms,  shape-by-observer 
and  site-by-location.  Since  observer  and  location 
effects  are  confounded  (different  observers  were 
used  at  different  locations),  the  significant  terms 
are  not  important.  And,   of  course,  sites  and 


Table  2. — Components-of-variance  model  for  microplot  ratings — combined  locations 


Shape 

A 

(a= 

=  2) 

a' 

+ 

'^b'^^IcE 

-1- 

rbcda^g 

+ 

rbdeo^^ 

-t- 

rbcdeaf 
A 

Size 

B 

(b= 

=4) 

o' 

+ 

'^^'^^BCE 

-1- 

racda^g 

+ 

radeaj^ 

+ 

racdea^ 

B 

Observer 

C 

(c= 

=  2) 

o' 

+ 

rabda^g 

+ 

rabdea^ 

Site 

D 

(d= 

=  2) 

a' 

+ 

^^^^CDE 

-1- 

rabca^g 

+ 

rabeaj^ 

+ 

rab cea^ 

Location 

E 

(e= 

=2,3,...,  7)      a^ 

+ 

rabdajg 

+ 

rabcda^ 

AB 

=  o' 

+ 

^^^Ibce 

-1- 

^^^^Ibe 

-t- 

^'^^^Ibc 

+ 

rcdea^g 

AC 

°  o' 

+ 

^^^'^IcE 

+ 

rbdea^^ 

EC 

a^ 

+ 

^^'^"bce 

+ 

radeaj^ 

ABC 

a^ 

+ 

^'^^Ibce 

+ 

^'^^^Ibc 

AD 

o^ 

+ 

^''^IcDE 

-1- 

^^^^Ide 

+ 

^^^°lcD 

+ 

rbcea^ 

BD 

o^ 

+ 

^^^bcde 

+ 

^^^^BDE 

+ 

^^^•^BCD 

+ 

""°BD 

ABD 

a' 

+ 

^^abcde 

-1- 

^^^bde 

+ 

'^^"Ibcd 

+ 

^^^"Ibd 

CD 

a' 

+ 

^^^^CDE 

+ 

rabeajj^ 

ACD 

o' 

+ 

'^^''IcDE 

-1- 

'^^^^IcD 

BCD 

o^ 

+ 

^^^BCDE 

-t- 

'^^^^BCD 

ABCD 

o^ 

+ 

^^ABCDE 

+ 

^^"Ibcd 

AE 

o' 

+ 

^^'^"ICE 

+ 

'"^^Ke 

BE 

0^ 

+ 

"^^BCE 

+ 

racda^g 

ABE 

a^ 

+ 

'^'^^Ibce 

+ 

^^^^ME 

CE 

a' 

+ 

rabdajg 

ACE 

a^ 

+ 

^^^^IcE 

BCE 

a' 

+ 

^^'^^BCE 

ABCE 

a' 

+ 

^'^'^Ibce 

DE 

a' 

+ 

^^^^CDE 

+ 

rabcaj^ 

ADE 

o' 

+ 

^^•^IcDE 

+ 

^^'^"Ide 

BDE 

a' 

+ 

'^"^BCDE 

+ 

"'^^E 

ABDE 

o^ 

+ 

"^"abcde 

+ 

"^Ibde 

CDE 

0^ 

+ 

^^''^CDE 

ACDE 

a' 

+ 

^^'^IcDE 

BCDE 

0^ 

+ 

'^^^BCDE 

ABCDE 

a' 

+ 

'^^abcde 

Residual 

( 

r=50) 

o^ 

Table  3. — Components-of-variance  model  for  point-frame  readings  versus 
largest  circular  microplot  ratings — combined  locations 


Method 

A  (a=3) 

Site 

B  (b=2) 

Location 

C  Cc=2,3, 

AB 

AC 

BC 

ABC 

Residual 

(r=50) 

7) 


o^  +   raba^ 

'"  ^  '^^Ibc 
''"  ^  ^^^bc 


+   rbca 


+  raca 


+  rca 


AB 


Table  A. — Analysis  of  variance  for  microplot 
ratings  of  aerial  cover  of  Achillea 
lanulosa   at  four  locations 


Table  5. — Analysis  of  variance  for  microplot 
ratings  of  bare  soil  at  six  loca- 
tions 


Source 

of 

Degrees  of 

Sum  of 

Mean 

Source  of 

Degrees  of 

Sum  of 

Mean 

variation 

freedom 

squares 

squares 

variation 

freedom 

squares 

squares 

Shape 

(A) 

1 

0.744 

0.744 

Shape 

(A) 

1 

17.7 

17.7 

Size 

(B) 

3 

8.36 

2.79 

Size 

(B) 

3 

19.1 

6.36 

Observer 

(C) 

1 

0.620 

0.620 

Observer 

(C) 

1 

1.98 

1.98 

Site 

(D) 

1 

68.3 

68.3 

Site 

(D) 

1 

6540.0 

6540.0  ** 

Location 

(E) 

3 

119.0 

39.6  ** 

Location 

(E) 

5 

11200.0 

2250.0  *< 

AB 

3 

0.594 

0.198 

AB 

3 

12.0 

3.99 

AC 

1 

0.439 

0.439  ** 

AC 

1 

3.30 

3.30 

BC 

3 

4.47 

1.49 

BC 

3 

32.2 

10.7 

ABC 

3 

0.447 

0.149 

ABC 

3 

6.31 

2.10 

AD 

1 

0.263 

0.263 

AD 

1 

0.220 

0.220 

BD 

3 

5.56 

1.85 

BD 

3 

3.26 

1.09 

ABD 

3 

0.0355 

0.0118 

ABD 

3 

1.80 

0.599 

CD 

1 

1.41 

1.41 

CD 

1 

1.60 

1.60 

ACD 

1 

0.000156 

0.000156 

ACD 

1 

0.00667 

0.00667 

BCD 

3 

3.51 

1.17 

BCD 

3 

5.39 

1.80 

ABCD 

3 

0.325 

0.108 

ABCD 

3 

10.4 

3.47 

AE 

3 

0.0817 

0.0272 

AE 

5 

18.6 

3.72 

BE 

9 

17.2 

1.91 

BE 

15 

36.7 

2.45 

ABE 

9 

1.47 

0.164 

ABE 

15 

31.0 

2.07 

CE 

3 

2.76 

0.920 

CE 

5 

199.0 

39.9  *' 

ACE 

3 

0.0367 

0.0122 

ACE 

5 

54.7 

10.9 

BCE 

9 

10.1 

1.13 

BCE 

15 

57.6 

3.84 

ABCE 

9 

1.58 

.176 

ABCE 

15 

43.4 

2.89 

DE 

3 

320.0 

107.0  ** 

CE 

5 

3520.0 

704.0  **' 

ADE 

3 

0.653 

0.218 

ADE 

5 

16.9 

3.38 

BDE 

9 

26.6 

2.96 

BDE 

15 

137.0 

9.16 

ABDE 

9 

1.31 

0.146 

ABDE 

15 

18.0 

1.20 

CDE 

3 

0.590 

0.197 

CDE 

5 

124.0 

24.8  **• 

ACDE 

3 

1.24 

0.415 

ACDE 

5 

12.5 

2.50 

BCDE 

9 

12.1 

1.35 

BCDE 

15 

74.7 

4.98 

ABCDE 

9 

0.601 

0.0668 

ABCDE 

15 

49.8 

3.32 

Residual 

6262 

5540.0 

0.884 

Residual 
Total 

9408 

58700.0 

6.24 

Total 

6399 

6150.0 

9599 

81000.0 

Significant  at  the  0.01  probability  level. 


**  -  Significant  at  the  0.01  probability  level. 


Mean 

cover 

Rectangle 

Circl 

0.314 

0.320 

.242 

.228 

.251 

.206 

.254 

.221 

.265 

.244 

locations  were  selected  to  be  different.  The  mean 
cover  estimates  of  the  eight  microplots 
corresponding  to  the  analysis  in  table  4  were: 


Size 

1 
2 
3 
4 
Mean 


Size  1  is  the  smallest  plot,  and  size  4  is  the 
largest. 

Table  5  is  the  analysis  of  variance  for 
ratings  of  bare  soil  at  six  combined  locations — 
mountain  grassland,  mountain  bunchgrass- 
Thurber  fescue,  upland  herb-aspen,  pine- 
bunchgrass,  pine-pinegrass,  and  aspen-weed. 
Significant  differences  were  found  between  sites 
and  locations  in  the  main  effects  and  in  the 
interaction  terms,  observer-by-location,  site-by- 
location,  and  observer-by-site-by-location.  The 
mean  cover  estimates  of  the  eight  microplots 
corresponding  to  the  analysis  in  table  5  were: 


Table  6. — Analysis  of  variance  for  methods  com- 
parison of  bare  soil  readings  at  six 
locations  (largest  circular  microplot 
versus  point  frame) 


Mean  cover 

Size 

Rectangle          Circ 

1 
2 
3 
4 
Mean 

1.65                        1.77 

1.67  1.84 

1.68  1.75 
1.83                       1.81 
1.71                       1.79 

There  were  22  analyses  of  the  combined 
locations  type  for  aerial  cover  of  different  plant 
ispecies,  and  20  analyses  for  basal  area  of  plant 
species  and  soil  surface  items.  The  same  pattern 
developed  throughout  all  these  analyses: 
differences  in  the  main  effects,  except  for  site 
and  location,  were  almost  all  nonsignificant.  On 
a  very  broad  basis,  then,  we  can  say  that 
differences  in  microplot  shape,  microplot  size, 
and  observers  are  nonsignificant  statistically 
for  the  populations  studied.  First-order 
interaction  terms  that  were  significant  mostly 
involved  site  or  location  differences. 


Point-Frame  Readings 

The  ratings  from  the  largest  circular 
microplot  (about  3.2-inch  diameter)  and  the 
Ipoint-frame  readings  are  compared  statistically 
|in  table  6.  This  table  is  the  analysis  of  variance 
jfor  bare  soil  at  the  same  six  locations  that  are 
Icombined  in  table  5.  Mean  ratings  of  each  of  two 


Source 

of 

Degrees   of 

Sum  of 

Mean 

variation 

freedom 

squares 

squares 

Method 

(A) 

2 

27.1 

13.5 

Site 

(B) 

1 

1250.0 

1250.0   * 

Location 

(C) 

5 

1820.0 

363.0   ** 

AB 

2 

3.64 

1.82 

AC 

10 

89.3 

8.93   * 

BC 

5 

571.0 

114.0   ** 

ABC 

10 

40.4 

4.04 

Residual 

1764 

7870.0 

4.46 

Total 

1799 

11700.0 

*  -  Significant  at  the  0.05  probability  level. 
**  -  Significant  at  the  0.01  probability  level. 


observers  are  compared  to  point-frame  readings 
in  table  6,  hence  the  two  degrees  of  freedom  for 
method. 

For  aerial  cover,  only  one  analysis  out  of 
22  showed  a  significant  difference  (table  7).  For 
basal  area  and  soil  surface  items,  only  two 
analyses  out  of  19  showed  significant  differences 
(table  8). 

Point-frame  readings  were  higher  in 
absolute  value  than  the  3.2-inch  plot  ratings  in 
all  but  two  cases  for  the  aerial  cover  analyses 
(table  7).  This  is  to  be  expected,  however,  because 
the  vertical  projection  within  a  fixed  plot 
boundary  will  have  a  maximum  value  of  100 
percent  cover,  while  pin  contacts  can  add  up  to 
over  100  percent  cover  since  each  contact  for  a 
species  is  recorded.  Differences  between  the  two 
methods  were  with  grass  species. 

For  soil  surface  items  and  basal  area  of 
plants,  only  7  out  of  19  analyses  showed  point- 
frame  readings  to  be  higher  in  absolute  value 
than  microplot  ratings  (table  8).  Thus,  there  is  a 
tendency  for  the  rated  microplots  to  give 
somewhat  higher  readings  (12  out  of  19)  than  the 
point  frame,  indicating  a  small  positive  bias. 
This  bias  is  not  considered  to  be  important  from 
a  practical  standpoint,  however. 


Table  7. — Mean  values  for  3. 2-inch-diaineter  plots  and  point  frames,  and 
nearest  plot  means,  sizes,  and  shapes  for  aerial  cover 


Species  or  soil   item 

Number   of 
locations 

3.2-inch 
plot 

Point 
frame 

Nearest 
Mean 

plot   values 
Size  and 
shape^ 

Annual   forbs 

4 

0.276 

0.310 

0.286 

IC 

kchAllejO.  lanuloia 

5 

.221 

.330 

.320 

IC 

Agoi2AAJ>  glcLuca 

3 

.363 

.473 

.365 

4R 

kvvtQ.nvuvuM.  KOiiim. 

2 

.693 

.735 

.693 

4C 

TnaqoAAJX  v-UiQ-ivujxyw. 

2 

.138 

.130 

.128 

4R 

LathyfLoi)  le.ucanthiU> 

2 

.143 

.220 

.225 

IC 

ToAaxaam  oi(^l(iinaJiz 

2 

.128 

.110 

.122 

3C 

Annual   grasses 

2 

.365 

1.27 

.673 

IC 

AgfLopc/Kon  iplcaXum 

3 

.283 

.603 

.365 

IR 

A.   in.ach(^ccujitum 

2 

.123 

.595 

.175 

IC 

BovuteJioua  g/mcXLci 

3 

.518 

.837 

.580 

4R 

Cdtamagn.O'itAj,  n.ub^Ace.yu> 

2 

.418 

1.14 

.530 

IR 

VucMxmpiia  caej,plto6a 

2 

1.13 

2.53 

1.14 

IC 

feAtu-ca  Idaho  Z-YUi-U 

3 

.970 

2.46 

.970 

4C 

Kodtwia.  cMAMouta. 

2 

.163 

.320 

.163 

4C 

Poa  iiejiunda 

3 

.132 

.367 

.258 

IC 

SiXanlon  ky^t/U-K 

2 

.128   * 

.180 

.192 

IC 

Stlpa  comata                          • 

2 

.030 

.065 

.060 

2R 

CoAex  spp. 

2 

1.11 

1.19 

1.18 

2C 

A'lXemci-ai  {^^liglda. 

2 

.605 

1.28 

.633 

4R 

A.   tfUd^niata 

3 

.623 

.873 

.833 

IC 

Vvuviihia.  t/Udzntcuta 

2 

.833 

1.26 

.833 

4C 

*  -  Significantly  different  from  points. 

^  -  R  =  rectangle,  C  =  circle,  1  to  4  =  smallest  to  largest  size. 
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Table  8. — Mean  values  for  3. 2-inch-diameter  plots  and  point  frames,  and  nearest 
plot  means,  sizes,  and  shapes  for  basal  area  and  soil  surface  items 


Species  or  soil  item 


Number  of 
locations 

3. 2-inch 
plot 

Point 
frame 

Nearest 
Mean 

plot  values 
Size  and 
shape^ 

6 

1.81 

1.56 

1.65 

IR 

5 

3.06 

2.80 

2.99 

IR 

5 

2.83 

2.34 

2.46 

IR 

6 

.698 

.442 

.508 

IR 

5 

.829 

.760 

.788 

4R 

3 

.127 

.150 

.148 

2C 

5 

.422 

.448 

.446 

4R 

7 

7.02 

7.41 

7.47 

IR 

5 

4.56  * 

5.59 

5.28 

IC 

5 

5.51  * 

6.05 

6.05 

IC 

5 

.866 

1.18 

1.08 

IR 

2 

.102 

.020 

.025 

IC,  2C 

2 

.572 

.125 

.367 

IR 

3 

.095 

.077 

.078 

IC 

3 

.162 

.067 

.082 

IC 

3 

.372 

.337 

.335 

3R 

2 

.065 

.040 

.040 

3R 

2 

.080 

.120 

.110 

2C 

2 

.375 

.020 

.152 

All  too  high 

Bare  soil 

Bare  soil 

Bare  soil 

Erosion  pavement 

Erosion  pavement 

Rock 

Rock 

Litter 

Litter 

Litter 

Moss  and  lichens 

Ago6eAAj>  glauca 

Antenmwia  fioioxi 

Agn.opLjn.on  i  pica  turn 

Boutzloua.  gfiac-LlAj, 

¥ii6tuca  IdakotmiA 

Ko2Z2Myia  cAAJttcLta. 

?oa  6e,cunda 

COAZX    spp. 


*  -  Significantly  different  from  points. 

^  -  R  =  rectangle,  C  =  circle,  1  to  4  =  smallest  to  largest  size. 


Some  items  separated  because  of  storage  limitations  in  computer. 
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Efficiency 

The  final  step  consisted  of  comparing  the 
efficiencies  of  the  various  microplots.  Sur- 
prisingly, the  average  time  required  to  read  the 
four  sizes  of  plots  was  about  the  same,  although 
there  was  considerable  variation  among  in- 
dividual plots  because  of  differences  in  plant  size 
and  form,  community  structure,  and  observers. 
The  mean  times  in  minutes  required  for  es- 
timating the  individual  plots  by  all  the  observers 
at  all  17  locations  were: 

Mean  times 


Size 

Rectangle 

Cir( 

1 

0.62 

0.65 

2 

.67 

.62 

3 

.71 

.67 

4 

.80 

.75 

Mean 

.70 

.67 

Time  increased  gradually  from  the  smallest  to 
the  largest  plots,  but  the  differences  are  not 
significant.  The  largest  plots  (2 -by  4-inch  rec- 
tangle and  3.2-inch  diameter)  do,  however,  take 
enough  more  time  to  be  excluded  from  considera- 
tion on  a  practical  basis.  Plot  variances  were  all 
of  about  the  same  magnitude.  The  microplots 
were  about  five  times  as  efficient,  timewise,  as 
the  point  frame. 


Conclusions 

The  rated  microplots  used  in  this  study  are 
precise,  efficient,  and  accurate,  particularly  for 
basal  area  and  ground  surface  items.  The 
different  analyses  did  not  identify  any  one  best 
microplot  or  microplots  for  rating  cover  (objec- 
tive 1),  although  the  smaller,  circular  plots  were 
usually  nearer  to  the  point-frame  readings  in 
absolute  values  (objective  3).  Rated  microplots 
are  much  more  efficient  than  the  point  method 
from  the  standpoint  of  time  involved  in  es- 
timating cover,  however.  Moreover,  the 
microplots  are  all  about  the  same  in  efficiency 
(objective  2). 


In  general,  the  1  /2-  by  1-inch  rectangle  is  a 
good  compromise  in  overall  performance,  ' 
although  it  has  no  great  advantage  over  the  0.8- 
inch-diameter  circle.  Most  of  the  people  involved 
in  the  study  preferred  a  rectangular  plot  over  a 
circular  one  for  rating,  however,  which  tips  the 
scales  somewhat  in  favor  ofthe  rectangular  plot. 
It  is  interesting  to  note  that  the  0.8-inch-diameter 
plot  used  in  this  study  is  very  near  in  size  to  the 
.'5/4-inch  loop  presently  used  in  the  3-St(>p 
Method. 

Rated  plots  will  give  a  precise  estimate  of 
plant  cover,  a  population  parameter  that  can  be 
defined  specifically,  whereas  frequency  depends 
upon  several  attributes  in  a  plant  community. 
Hence,  frequency  estimates  are  often  difficult  to 
interpret.  Thus  rated  plots  could  be  of  benefit 
insofar  as  the  existing  loop  method  is  concerned. 
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Abstract 


The  forested  areas  of  Arizona  and  New  Mexico  were  divided 
into  10  physiographic-climatic  regions.  These  regions  were  then 
subdivided  into  five  to  nine  seed  collection  zones  about  50  miles 
wide.  Provenance  tests  will  be  conducted  to  determine  variation 
and  need  for  adjustments.  Seed  used  for  reforestation  should  be 
limited  to  that  collected  within  the  local  zone.  A  10-unit  classifica- 
tion system  for  rating  cone  crops  is  included. 

Oxford:    232.312.1:232.311.    Keywords:    Cone  collecting,  forest  seed 
collecting,  forest  seed  production. 
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A  Provisional  Tree  Seed  Zone  and  Cone  Crop  Rating  System 
for  Arizona  and  New  Mexico 


Gilbert  H.    Schubert    and    John   A.    Pitcher 


Forest  tree  species  occur  over  a  wide  range 
of  climatic  and  physiographic  conditions  in  the 
Southwest.  Thousands  of  possible  genotypes 
are  represented  in  seed  crops  collected  from 
wild  stands.  These  stands  have  probably  main- 
tained a  broad  range  of  genetic  variability,  even 
in  rather  local  areas.  The  trees  growing  in  a 
particular  environmental  niche  represent  the 
progeny  of  a  small  proportion  of  each  seed 
crop.  Those  genotypes  that  were  adapted  to  the 
specific  conditions  survived,  while  the  others 
failed. 

Many  studies  in  other  regions  have  shown 
that  seed  origin  affects  both  survival  and  growth 
of  the  progeny  (Baron  and  Schubert  1963,  Calla- 
ham  and  Hasel  1963,  Dawson  and  Rudolf  1966, 
Shoulders  1965,  Squillace  and  Bingham  1958, 
Squillace  and  Silen  1962). 

The  microclimate  is  most  severe  during  the 
first  few  years  after  seedlings  are  planted. 
Temperature  and  moisture,  either  alone  or  in 
combination,  are  the  two  most  critical  factors 
affecting  survival.  Even  small  differences  in 
these  two  factors  may  be  highly  significant.  In 
large  openings,  there  is  little  or  no  protective 
cover  to  shield  the  young  seedlings  from  des- 
iccating winds,  high  temperatures,  or  sudden 
freezes.  Seedlings  from  a  cooler  climatic  region 
start  growth  earlier  to  take  advantage  of  a 
shorter  growing  season.  These  seedlings  are 
frequently  killed  by  a  late  spring  freeze. 

In  Arizona,  Larson  (1966)  reported  that 
ponderosa  pine^  from  easternand  southeastern 
seed  sources  survived  at  Fort  Valley,  whereas 
trees  of  northern  and  western  sources  failed. 
Early,  hard  fall  freezes  killed  all  the  Angeles 
and  Klamath  and  nearly  all  the  Tahoe  seedlings 
in  the  Fort  Valley  nursery.  A  severe  fall 
drought  ehminated  6  of  the  14  sources  planted 
in  the  study  area  the  preceding  spring.  The 
larvae  of  May  beetles  killed  many  seedlings 
during  the  first  few  years.  Seedlings  from 
sources  nearest  the  study  area  survived  best, 
grew  fastest,  and  developed  into  trees  with  the 
best  form. 


'Common  and  scientific  names  are  listed  in  table  1. 


The  Need  for  Tree  Seed  Zones 

Reforestation  on  National  Forests  in  the 
Southwest  is  expected  to  expand  greatly  in  the 
future.  With  this  expansion,  we  cannot  afford 
to  make  costly  errors  in  seeding  or  planting 
trees  from  seed  sources  that  are  not  adapted  to 
the  site.  Seedlings  that  are  not  adapted  to  local 
conditions  may  be  killed  by  frost  or  drought 
the  first  year,  or  succumb  to  other  conditions 
at  some  later  date  before  the  trees  mature.  We 
have  many  examples  of  plantation  failures,  but 
we  are  often  unsure  of  the  reasons  why  the 
seedlings  failed  to  survive,  or  why  the  trees 
failed  to  develop  good  quality  characteristics. 
Frequently,  the  seed  source  of  unsuccessful 
plantations  is  unknown. 

In  addition  to  National  Forest  reforestation 
needs,  there  are  many  thousand  acres  of  un- 
stocked  land  in  other  ownerships  that  should 
be  reforested.  The  use  of  seed  or  planting  stock 
from  seed  collected  within  these  zones  should 
also  be  followed  in  their  reforestation  efforts. 

Seed-zone  maps  have  helped  managers  use 
local  seed  in  other  forest  regions.  We  need  to 
set  provisional  seed  zones  for  Arizona  and  New 
Mexico  now,  and  begin  tests  of  their  adequacy. 
The  maps  in  this  Paper  represent  our  best 
judgment  of  desirable  limits  of  seed  sources  for 
the  existing  ecological  and  environmental  con- 
ditions in  the  Southwest.  Hopefully,  they  will 
hasten  the  time  when  only  local  seeds  are  used 
for  reforestation  in  Arizona  and  New  Mexico. 

We  also  need  a  clearly  defined  system  for 
rating  current  cone  crops,  to  be  used  in  con- 
junction with  the  seed-zone  maps.  We  propose 
a  cone-crop  rating  system  based  on  the  relative 
number  of  cones  produced  on  a  proportion  of 
the  seed  trees  at  each  sampling  area. 


Criteria  for  and  Limitations 
of  the  Tree  Seed  Zones 

To  establish  provisional  seed  zones,  we 
divided  the  forested  areas  into  10  broad  physio- 
graphic-climatic regions,  each  with  five  to  nine 


seed-collection  zones  (see  map).  Maps  of  the 
major  forest  types  (Choate  1966,  Spencer  1966) 
and  of  the  topographic  features  were  used  as 
the  basis  for  division  into  regions. 

Boundaries  of  the  seed-collection  zones  with- 
in these  regions  were  drawn  along  recognizable 
land  features.  These  zones  are  approximately  50 
miles  wide.  While  we  consider  it  most  desirable 
to  use  seed  within  the  zone  collected,  use  of 
nearby  seed  from  an  adjacent  zone  within  the 
same  physiographic-climatic  region  is  permis- 
sible for  locations  near  the  boundary  of  the 
zone.  Seeds  from  an  adjacent  zone  may  be  used 
on  an  emergency  basis;  however,  the  use  should 
be  cleared  first  through  the  Office  of  the 
Regional  Forester,  Southwestern  Region, 
Albuquerque,  New  Mexico. 

Some  zones  have  elevational  differences 
greater  than  1,000  feet,  have  several  forest 
types,  and  have  differences  in  aspect.  Since 
these  differences  within  a  zone  may  be  as 
critical  as  the  difference  between  regions,  seed 
collections  must  be  labeled  to  identify  elevation, 
forest  type,  and  aspect.  These  seeds  should  then 
be  used  in  areas  which  most  nearly  match  the 
local  environment. 

Most  of  our  seed  zones  are  dissected  by 
deep,  narrow  canyons.  The  climate  in  these 
canyons  may  be  vastly  different  from  that  at 
the  top  of  the  plateaus.  For  example,  spruce 
and  other  species  which  normally  do  best  on 
high  mountain  slopes  can  be  found  growing 
several  thousand  feet  lower  in  these  moist,  cool 
canyons.  Seedlings  of  these  species  would  have 
a  difficult  time  becoming  established  on  the 
hotter  and  drier  plateaus  above  the  canyons. 

The  forest  type  maps  reflect  the  environ- 
mental requirements  of  the  various  species 
found  in  the  Southwest.  We  did  not  delineate 
the  seed-collection  zones  along  type  boundaries. 
Therefore,  many  species  will  be  found  within 
each  zone  (table  1).  Although  the  tabulation 
indicates  up  to  15  species  growing  in  some 
zones,  the  species  may  be  found  in  rather 
restricted  locales  in  some  zones. 

Land  supporting  the  pinyon-juniper  type 
has  been  included  in  the  seed-collection  zones 
presented  here.  At  present,  there  are  some 
forest  plantings  contemplated  in  this  type. 
Future  markets  for  Christmas  trees  and  other 
special  products  may  make  it  desirable  to  grow 
these  species  on  a  commercial  basis,  however. 
Also,  each  year  we  receive  requests  for  pinyon, 
Arizona  cypress,  and  juniper  seeds  for  the  inter- 
national seed  exchange  program.  Identification 
by  seed  zones  would  be  useful  along  with  the 
other  requested  information. 


Seed-Zone  Regions 

The  10  physiographic-chmatic  seed-zone 
regions  for  the  Southwest  are  identified  on 
the  map. 

Seed  collections  were  made  in  1971  to  eval- 
uate the  physiographic-climatic  variation  and  to 
adjust  the  provisional  seed-collection  zones.  In 
the  interim,  foresters  should  use  seed  for  re- 
forestation from  the  zone  in  which  it  was 
collected.  Since  the  zone  boundaries  were  located 
at  roughly  50-mile  intervals  within  the  physio- 
graphic-climatic regions,  seeds  collected  within 
50  miles  of  the  reforestation  site  could  be  used 
provided  they  came  from  the  same  physio- 
graphic-climatic region.  Considerable  variation 
exists  within  a  seed  zone;  therefore,  it  would  be 
advisable  to  plan  seed  collections  which  most 
closely  match  local  conditions. 

000  Northwest  Plateaus  (Seed  Zones  010-070). 

—  This  region  is  composed  primarily  of  the 
Shivwits,  Uinkaret,  Kaibab,  Paria,  Kaibito,  and 
Black  Mesa  plateaus  north  of  the  Colorado  and 
Little  Colorado  Rivers  in  northwestern  and 
north-central  Arizona.  Differences  in  elevation 
and  precipitation  are  great.  Main  species  present 
in  this  region  are  the  pinyons  and  junipers. 
Ponderosa  pine,  spruces,  Douglas-fir,  and  the 
true  firs  occur  mainly  on  the  Virgin  Mountains, 
Mount  Trumbull,  Kaibab  Plateau,  and  Navajo 
Mountain.  Stringers  of  ponderosa  pine  and 
Douglas-fir  are  scattered  in  the  more  moist 
canyons  of  the  other  plateaus,  but  cannot  be 
considered   as    important    forest    components. 

100  Central  Plateaus  (Seed  Zones  110-180). 

—  This  region  consists  primarily  of  the  Coconino 
and  Mogollon  Plateaus  and  associated  moun- 
tains extending  from  the  South  Rim  of  the 
Grand  Canyon  in  northwestern  Arizona  to  the 
Continental  Divide  in  New  Mexico.  Drainage  in 
the  region  is  primarily  northward  into  the  Colo- 
rado and  Little  Colorado  Rivers.  The  Coconino 
Plateau  is  covered  primarily  by  the  pinyon- 
juniper  type  on  the  lower,  drier  sites,  while 
ponderosa  pine  occurs  on  the  higher,  more  moist 
sites.  The  Mogollon  Plateau  is  about  equally 
occupied  by  pinyon-juniper  and  the  ponderosa 
pine  types.  Most  of  the  ponderosa  pine  type  is 
covered  by  nearly  pure  stands.  Douglas-fir, 
Engelmann  spruce,  the  true  firs,  and  south- 
western white  pine  aie  found  on  the  mountains 
and  in  some  of  the  moist,  cool  canyons  along 
the  Mogollon  Rim.  Elevation  and  aspect  deter- 
mine species  composition  on  these  mountains. 
A  prominent  feature  of  this  region  is  the  San 
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FVancisco  Peaks,  with  rather  distinct  species 
zonation  from  ponderosa  pine  at  the  base  to 
Engelmann  spruce  at  timberhne.  At  the  upper 
levels  of  the  Peaks  are  found  subalpine  fir  and 
bristlecone  pine.  The  latter  species  is  found  in 
only  one  other  aiea  in  the  Southwest. 

200  Mogollon  Slope  and  Highlands  (Seed 
Zones  210-290). —This  region  starts  near  Ash- 
fork,  Arizona,  and  extends  along  the  south  slope 
of  the  Mogollon  Rim  to  the  Continental  Divide 
in  New  Mexico.  This  region,  also  known  as  the 
Transition  Zone,  divides  the  Mogollon  Rim  from 
the  Tonto  Basin,  Sierra  Ancha,  and  Natanes 
Plateau.  It  includes  the  White,  Mogollon,  Big 
Burro,  and  Pinos  Altos  Mountains.  Below  the 
Mogollon  Rim  the  aiea  slopes  primarily  south- 
ward. Further  east,  the  numerous  mountain 
ranges  provide  all  aspects  and  pronounced 
elevatlonal  differences.  Seed  zones  within  this 
region  are  divided  along  major  water  drainages, 
highways,  and  the  Continental  Divide.  The 
ponderosa  pine  and  pinyon-juniper  ai'e  the  main 
species  types.  Douglas-fir,  true  fir,  and  south- 
western white  pine  are  found  on  the  moist, 
cool  sites.  The  White  Mountains  support  mostly 
spruces  and  firs  at  the  higher  elevations. 

300  Central  Highlands  (Seed  Zones  310-390), 

—This  region  extends  in  a  southeasterly 
direction  from  Lake  Mead  in  Mohave  County  to 
the  Natanes  Plateau  inGraham  County,  Arizona. 
A  considerable  portion  of  this  region  is  covered 
with  grass  and  chaparral.  Ponderosa  pine  is 
restricted  primarily  to  the  mountains  and 
plateaus,  while  pinyon-juniper  occurs  at  the 
lower  elevations  in  a  more  continuous  belt.  The 
best  stands  of  ponderosa  pine  occur  on  the 
Hualapai,  Mingus,  Bradshaw,  Mazatzal,  and 
Sierra  Ancha  Mountains  and  Natanes  Plateau. 
Douglas-frr,  Chihuahua  and  southwestern  white 
pines,  and  the  true  firs  also  occur  on  the 
higher   mountains. 

400  Southeast  Desert  Highlands  (Seed  Zones 
410-480).  —This  region  is  composed  primarily  of 
rather  widely  separated  mountains.  The  indi- 
vidual seed  zones  within  this  region  divide  the 
mountain  ranges  into  separate  groups,  so  each 
zone  has  great  elevationaland  aspect  differences. 
Tree  species  range  from  the  pinyons  and  juni- 
pers at  the  lower  dry  elevations  through 
ponderosa  pine  and  Douglas-fiis  to  spruce  and 
fir  at  the  higher,  moist  elevations.  Other  pines 
in  this  region  are  Apache,  Arizona,  limber, 
Chihuahua,  and  southwestern  white  pine. 

500    Chuska-Zuni-Gallo    Highlands     (Seed 
Zones  510-570).  —This  region  extends  from  the 


Four  Corners  south  to  the  ridge  of  the  Gallo 
Mountains  in  west  central  New  Mexico.  The 
most  extensive  stands  of  ponderosa  pine  occur 
in  the  Chuska  and  Zuni  Mountains.  Pinyons 
and  junipers  occupy  most  of  the  low-elevation 
dry  sites.  White  and  subalpine  firs  and  blue 
spruce  occur  above  the  ponderosa  pines  in  the 
northern  end  of  the  Chuska  Mountains. 

600  East  Continental  Highlands  (Seed  Zones 
610-690). —This  region  extends  from  the  San 
Juan  Mountains  at  the  Colorado  border  to  the 
Mimbres  in  southeastern  New  Mexico.  It  lies 
between  the  Continental  Divide  and  the  Rio 
Grande  except  for  seed  zone  610,  which  is  west 
of  the  Continental  Divide  in  the  Jicarilla  Indian 
Reservation.  Pinyon-juniper  type  covers  an  ex- 
tensive part  of  this  region,  mainly  at  lower 
elevations  and  on  the  drier  sites.  The  ponderosa 
pine  type  is  found  at  higher  elevations  in  the 
San  Juan,  Jemez,  San  Mateo,  Cebolleta,  Datil, 
Gallinas,  Black  Range,  and  Mimbres  Mountains. 
Good  stands  of  spruce,  true  fir,  and  Douglas-fir 
also  occur  in  the  San  Juan,  Jemez,  and  San 
Mateo  Mountains  with  lesser  amounts  on  some 
of  the  other  high  mountains.  Water  drainage  in 
this  region  is  almost  entirely  into  the  Rio 
Grande  except  for  seed  zone  610,  which  is 
drained  by  the  San  Juan  River  into  the 
Colorado. 

700  East  Rio  Grande  Highlands  (Seed  Zones 

710-780). —This  region  includes  the  southern 
Rocky  Mountains  bordering  on  the  Rio  Grande 
The  best  ponderosa  pines,  along  with  the  othei 
high- elevation  conifers,  occur  in  the  Sangre  de 
Cristo  Mountains  in  northern  New  Mexico 
Ponderosa  pine  and  Douglas-fir  also  occur  ir 
the  Manzano  Mountains  south  of  Albuquerque 
The  lower  three  seed  zones  in  this  region  are 
occupied  mainly  by  the  pinyon-juniper  type. 
Bristlecone  pine  occurs  at  high  elevation  in 
seed  zones  710,  720,  and  730  of  the  Sangre  de 
Cristo  Mountains  in  New  Mexico. 

800  Sacramento-Guadalupe  Range  (Seeij 
Zones  810-850). —This  region  lies  in  south  cer 
tral  New  Mexico  east  of  Tularosa  Valley,  fror 
Torrance  County  to  the  Mexican  border.  Majo 
land  features  include  the  Juames  Mesa  and  th 
Gallinas,  Carrizo,  Capitan,  Sacramento,  an 
Guadalupe  Mountains.  Species  composition  ir 
eludes  pinyon  and  junipers  at  lower  elevation 
through  ponderosa  pine  with  Douglas-fir,  tru 
fii"s,  and  spruces  at  the  higher  elevations  o 
Carrizo,  Capitan,  and  Sacramento  Mountains 
The  Pinchot  juniper  occurs  only  at  the  lowe 
end  of  seed  zone  850  near  the  Mexican  bordei 


900  Northeast  Plains  (Seed  Zones  910-970). 

—This  region  includes  the  plains  and  associated 
mountains  in  northeastern  New  Mexico.  One- 
seed  and  Rocky  Mountain  junipers  and  pinyons 
are  the  most  common  species.  Ponderosa  pine 
is  found  only  at  high  elevations  in  Colfax, 
Union,  Mora,  and  San  Miguel  Counties. 


Interim  Cone-Crop  Rating  System 

What  do  we  mean  by  a  "light",  "medium", 
or  "heavy"  cone  crop?  In  California,  cone  crop 
ratings  are  based  on  the  number  of  cones  per 
dominant  tree  larger  than  19.5  inches  d.b.h. 
(Fowells  and  Schubert  1956)  and  by  the  5-unit 
classification  system  which  relates  cone  abun- 
dance on  an  area  basis  (Schubert  and  Baron 
1960). 

We  have  some  information  on  cone  produc- 
tion on  ponderosa  pines,  but  none  on  the  other 
conifers.  Large,  vigorous,  isolated  ponderosa 
pines  are  the  best  cone  producers  in  terms  of 
seed  quantity,  qviality,  and  frequency  of  bearing 
in  the  Southwest  (Larson  and  Schubert  1970). 
Ponderosa  pines  28  inches  in  diameter  may 
produce  from  200  to  450  cones  per  year,  while 
trees  under  12  inches  usually  produce  very  few 
cones.  Therefore,  until  information  is  available 


for  the  other  species,  we  have  elected  to  use  an 
interim  cone-crop  rating  system  employing  a 
10-unit  classification  system  (table  2). 

The  cone-crop  rating  is  based  on  the  relative 
number  of  cones  produced  on  a  proportion  of 
the  seed  trees  at  each  sampling  area.  A  seed 
tree  is  defined  as  a  dominant  tree  over  12 
inches  in  diameter  with  a  full,  vigorous  crown. 
These  specifications  are  adequate  for  ponderosa 
pines,  but  not  necessarily  for  all  species.  For 
example,  the  firs,  spruces,  junipers,  Arizona 
cypress,  and  other  pines  produce  excellent  crops 
on  smaller  trees.  These  size  differences  will 
need  to  be  recognized  in  rating  the  cone  crops 
by  species. 

This  10-unit  system  provides  the  forester 
with  intermediate  ratings  between  those  set 
for  California,  and  provides  recognition  of 
bumper  cone  crops.  An  exact  cone  count  is  not 
required  for  a  reasonable  evaluation  of  the 
cone-crop  rating.  The  ratings  are  subjective  and 
should  improve  with  practice. 


Identification  of  Collected  Cones 

All  seed  collections  must  be  properly  labeled. 
Each  sack  of  cones  must  have  two  labels,  one 
to  be  placed  inside  the  sack  and  the  other  tied 


Table  2. — The  10-unit  classification  for  rating  cone  crops  on  conifers  in  Arizona  and  New  Mexico 


Classification 


Description 


110 


None 

Very  light 

Very   light   to   light 

Light 

Light    to  medium 

Med  ium 

Medium   to   heavy 

Heavy 

Heavy   to  very  heavy 

Very  heavy 


No  cones  on  any  seed  tree. 

Few  cones  on  less  than  one-fourth  of  the  seed  trees. 

Few  cones  on  one-fourth  to  one-half  of  the  seed  trees. 

Few  cones  on  more  than  one-half  of  the  seed  trees. 

Few  cones  on  more  than  one-half  any  many  cones  on  less  than  one- 
fourth  of  the  seed  trees. 

Many  cones  on  one-fourth  to  one-half  of  the  seed  trees. 

Many  cones  on  more  than  one-half  of  the  seed  trees. 

Many  cones  on  more  than  one-half  of  the  seed  trees,  with  less  than 
one-fourth  to  one-half  of  them  loaded  with  cones. 

Many  cones  on  more  than  one-half  of  the  seed  trees,  with  one-fourth 
to  one-half  of  them  loaded  with  cones. 

Many  cones  on  more  than  one-half  of  the  seed  trees,  with  more  than 
half  of  them  loaded  with  cones. 


^Cones  per  tree:   few  =  1  to  20;  many  =  21  to  160;  loaded  =  161  or  more. 


on  the  outside.  The  minimum  data  recorded  on 
each  label  should  include: 

1.  Species  (common  and  scientific  name). 

2.  Seed  collection  zone,  elevation,  and  aspect. 

3.  Forest,  District,  township,  range  and  section. 

4.  Stand  density,  site  index,  associated  species. 

5.  Cone-crop  rating. 

6.  Collected  from  felled  or  standing  trees. 

7.  Day,  month,  and  year  of  collection. 

8.  Collector's  name. 

Frequently  it  is  necessary  to  have  more 
data  on  special  seed  lots.  For  example,  the 
following  additional  data  are  needed  for  seed 
exchange  and  testing  provenances: 

9.    Latitude,  longitude,  and  county. 

10.  General  soil  classification  and  associated 
rocks. 

11.  Tree  size  (diameter,  height,  and  age). 

12.  Tree  characteristics  (bole,  crown,  branch- 
ing, growth  rate,  and  disease). 

13.  Number  of  trees  from  which  cones  were 
collected. 

14.  Whether  trees  can  be  relocated  for  future 
collections. 

15.  Map  with  pin  prick  to  show  location  of 
collection  area  (the  hole  on  reverse  side 
should  be  circled  and  dated). 


Literature  Cited 

Baron,  Frank  J.,  and  Gilbert  H.  Schubert. 

1963.    Seed    origin  and  size  of  ponderosa 

pine   planting  stock  grown  at  several 

California  nurseries.   U.   S.   For.   Serv. 

Res.  Note  PSW-9,  11  p.  Pac.  Southwest 

For.    and  Range   Exp.   Stn.,  Berkeley, 

Cahf. 
Callaham,  R.  Z.,  and  A.  A.  Hasel. 

1957.    Height    growth    of   ponderosa  pine 

progenies.     Soc.   Am.   For.  Proc.  1957: 

61-62. 
Choate,  Grover  A. 

1966.    New  Mexico's  forest  resource.   U.  S. 

For.  Serv.   Resour.   Bull.    INT-5,   58  p. 

Intermt.   For.    and    Range    Exp.    Stn., 

Ogden,  Utah. 


Dawson,  David  H.,  and  Paul  O.  Rudolf. 

1966.    Performance  of  seven  seed  sources 

of  blue  spruce  in  central  North  Dakota. 

U.   S.   For.   Serv.  Res.  Note  NC-5,  4  p. 

North  Cent.   For.  Exp.  Stn.,  St.  Paul, 

Minn. 
Fowells,  H.  A.,  and  G.  H.  Schubert. 

1956.    Seed  crops  of  forest  trees  in  the  pine 

region  of  California.  U.  S.  Dep.  Agric. 

Tech.  Bull.  1150,  48  p. 
Larson,  M.  M. 

1966.    Racial    variation  in  ponderosa  pine 

at  Fort  Valley,  Arizona.  U.  S.  For.  Serv. 

Res.  Note  RM-73,  7  p.  Rocky  Mt.  For. 

and  Range  Exp.  Stn.,  Fort  Collins,  Colo. 
Larson,  M.  M.,  and  Gilbert  H.  Schubert. 

1970.  Cone  crops  of  ponderosa  pine  in 
central  Arizona  including  the  influence 
of  Abert  squirrels.  USDA  For.  Serv. 
Res.  Pap.  RM-58,  15  p.  Rocky  Mt.  For. 
and  Range  Exp.  Stn.,  Fort  Collins,  Colo. 

Little,  Elbert  L.,  Jr. 

1950.  Southwestern  trees,  a  guide  to  the 
native  species  of  New  Mexico  and 
Arizona.  U.  S.  Dep.  Agric,  Agric. 
Handb.  9,  109  p. 

Little,  Elbert  L.,  Jr. 

1971.  Atlas  of  United  States  trees.  Volume 
1:  Conifers  and  important  hardwoods. 
U.  S.  Dep.  Agric,  Misc.  Publ.  1146,  9  p. 
+  200  maps. 

Schubert,  Gilbert  H.,  and  Frank  J.  Baron. 

1960.  California  cone  crop  — 1960.  U.  S. 
Dep.  Agric,  For.  Serv.,  Pac.  Southwest 
For.  and  Range  Exp.  Stn.  Res.  Note  164, 
7  p.   Berkeley,  Calif. 

Shoulders,  Eugene. 

1965.  Seed  origin  affects  longleaf  pine  in 
Louisiana  plantation.  U.  S.  For.  Serv. 
Res.  Note  SO-19,  3  p.  South.  For.  Exp. 
Stn.,  New  Orleans,  La. 

Spencer,  John  S. 

1966.  Arizona's  forests.  USDA  For.  Serv. 
Resour.  Bull.  INT-6,  56  p.  Intermt.  For. 
and    Range    Exp.    Stn.,   Ogden,   Utah. 

Squillace,  A.  E.,  and  R.  T.  Bingham. 

1958.    Localized  ecotype  variation  in  westerni 
white  pine.  For.  Sci.  4:  20-34. 
Squillace,  A.  E.,  and  R.  R.  Silen. 

1962.  Racial  variation  in  ponderosa  pine. 
For.  Sci.  Monogr.  2,  27  p. 


AgricuIture-CSU,  Ft.  Collins 


0)   w   o 

>>    .     , 

«   in 

.S         ^ 
ns   > 


c« 


■a  c  "  w 

<D    D    "I'    O 


S    .  ^ 

5      « 
"o1 


w   o   G    C  -^ 
S  o 


-   C   P 


Oh 


.-  O 

r  > 
5  2 


o  .Si 
■a  "u 


O    O  "cB 

X   O)   (u  +j   to  "-I 
2    O)    OJ   ^ 

"2  «ii  ^"^  2-5 

.i;  o  C   m  — 
nj   GO        O    3 


a> 


CI 


•^     O    r 


N 


m  !>  o)  — 


.  00 

&,    . 

o 

00    o 

o 


■*-'  iTi  o  a 


lO 


in 


■M    •  «2  «  o 

*-i  CO 
<U  t-. 

o 


o  -^ 
w  V  o 

cd    o  ■*-* 

cu  a,  > 

aj  S)  o  c  a 
S  -^  .S  S  g  «  s 

a  OJ    P  T3    O    OJ 

2  -Q  "o  "o  3  G 
c  3  -s  c  E  2 
■3   en   P   03  ;3  T3 


(«    3 

•V  -a 
&  a, 

in 


CO  o) 


o 


6  d-g 

0)    CO    o 

>>    .     . 
Mm- 

.s 

ns    >    D, 
>-''-'!«! 

£  .  «J 

IOC 

oi   as  P     • 
<2  ^ 

o  Si  ^  o 

iv    O  .=J  "^ 

o  "^  £  " 

.2  "^  cd  CM 

•'■2  „,      o 
S  .S2  c  °°  o 

■    >    O         U 


« 


13  fi  in  3  O) 
O)  D  OJ  5  j3 
•a  j3  ^  •«        .S 

>  ^  E  «  2  ^ 


3  <v 
3 


^   O   ^    -- 

o     -     g    — 


3  -ti 

3 
O  °  nS  3  T:  3 
.y  'W)  in   S  2  o 

S    i-.    g   D   O)     , 

^&  _2  3  °  £  S    • 

.ii   cj   3    in        ■- ' 

CO    M         O    3    ^ 
3    0)'""         "■ 

N  '^    Si    ^    a    Q 

•,"   o    «  ^   OJ  .3    o 

^  CO  jH  :3     .  ."ti  ^ 

•S    S  "3    &  '^  ?  ^ 

°:3    =^  3  C! 

V    .^   in  S  ■^  ° 

1^  g  «  ^ 


■a 

0) 


W) 

a 


J5-i 


W) 


to   ai   3 


+^   >   O 

7!    O    N 


"  V^  L>J 


^  -H  ^    .  :3 


3rH 


CO    cIj  +J 
1  W)o  3  ™  "  =" 

^  >.     4*  2  5  ^ 

D<  Qj  p  -a  o  a; 
<i^  o  S  £    '•  "  " 

2  x:  -a  -a  -3  C 

3  3  -2  a  S  2 

.3   in   ?   CO  3  ;3 


c    o)    in 


«   3 
T3  -a 

S  £ 


CO        , 

<M  be 

"-!  G 
cm'  '-S 

CO   01 

<^'  "3 

CO    O 
CM    o 


o 

o 


13    D,  5- 

0)    CO    o 

CO    to    ^ 


3   4^ 
O^ 


CO 


>  n. 


2    .  4^ 

cj    ^   GO 
1     O    3 

.  -a  S  c 

<U    CO  P      • 
•S  a;     .  S 

<;  a>  5!  ^ 

^  '"  ^^ 
o  ^  £  "    . 

i  '^  cd  CM 

*-i     CO 

CO    j2 

r  o 

> 

o 


"C   3   in 
0)   OJ   a> 

XJ  J3  3  ■-        .ii 

>  -   g  15  2  !3 

t,    &  +o         in   =J 

O)         3  0) 

^   !2   O  S 

o  2  "^  E 

•H   M  in  S  « 


cu 

tu 


6jO 
3 


s;  g 


in 


O) 


(X, 


^   S   C 

2  ^  •■:3  ^  S 

2  "^ii  3 
Sgol'Sog 

•i;   cj  3   in  •- ' 

CO    M„  O    3  «i  CO 

3  o;  T3  cj  ^  --H 
O   ^    S^  a,  -a  ■"  in 

QJ    «    (D    jH    (-^ 
OJ  .3    ST 


■a 

O) 

■a 


(5        OJ  <u 


d 


""^  -^   OJ  -  ^  S 
3  " 


CO 


6  •§  '?  id  '5  g 


(U 


3  ■  00 

CO  &,    . 

CO  00  ^^ 

3  O 

O  O 

N  -       ^ 

■C  iS    in 


==  3 

in   0, 


^    -    E  S   - 
=3   "-^  S   C 


o 


ir!  CO 

Xi   05 

3  -^ 

J5 
<y 
03 


2ko 


o  ^ 

«  o  "  «  P  2  " 

«  1  ^  "  ^  2  .S 

K   ^O  3  «   "    "• 

S I  .S  S  - 1  2 

>-  >■-  OJ  2  5  t^ 

5-5 -a  >  S 


'    n.  0)    P  X!    O    I) 

x:S  >^  gT3  >. 

H        --     •    >-    O)    in 

2  ^  -o  ■a  ^  '^ 

.3    in   ?   CO  33  '^3 


c«    3 

o  2 


CM  <<-. 

CO  , 

<^^  M 

-H  3 

cm'  '*2 


CO    O 


O)   CO    O 

>>  .    , 

in   in     • 
3  tf  c« 


CO 


^    fe    X 

2     .  a) 

?;  fc  =0 
5      K 

"«^ 

c^  Jo 


T3  B  tn 

aj  <u  a) 

>  s 

^  a) 

T3  2  o 

a)  g 

0)  3 

O  P  CO 


C  a>    I 

2-°  S 
«2S 

■-H    3    in 

in   ^ 
0)        ^ 


.H  Mm 

X  p    0) 

a)  *-•  c 

§  m    O 


3  3 

a -2 

Sh  CO 

*j  in 

O)  cu 

T3  i« 

O 


3 


^    CI  ^ 

aj  CO  P 


O 


3   «^ 
O 

1-3 


Si 

=  12 

>2§ 


CO 


CO 

3 

:  o 

">  2 


a)  5)  =-> 

p  ^  o  r-; 
X3  '^  a;  CM 

■a      o 

3     .  00 

CO  a<  . 

o 

CO  00  -; 

3  O 

O         U 


•eg 


'T.  CO 

3  -^ 

o 
t/3 


°S5 


^^   3 

|h.2 

3  3  =3 

CO  o    O 

CO  tie 

3  a>  'O 

o  5-  a) 

N  a) 

'C  .i!  "^ 

<I  "S  aj 

O.S   3 

^"^  o 

Co    o  +-• 
!-  ^    01 

CO  a,  > 

CO  J3 
•O    Si 

o)  00  o 
«-2s 

a>   en  .3 
^    Q<  01 

3    3 
.3    in 


2    O 
o  '*-' 

-3-° 

2  aj 

3  in 
03   a; 


T3 

2  CI 


\3-S 
■*^  in 
3    Cu 

aj 

*->    ^    (D    <-> 

in 

0) 


0)  gj 
X!  O) 
-.  O! 

'%    «■ 

3 

en   o> 

^  6 


-"   in 

a;.S, 
o  -a 

3   CO 

CO 

3  '-I 

S2 

> 

o 


OJ   3 


O    CO 


in  3 

o  2 

&  a, 

4)  5 


CO     . 


a&. 


^  -a  o  o> 


•a  T3 

?     CO 


■a  >, 

oi  in 

'c  =^ 

C  O 


O 


\  - 


3NTR0L  OF  DWARF  MISTLETOE 
'  A  HEAVILY  USED  PONDEROSA 
NE  RECREATION  FOREST: 
iland  Canyon,  Arizona 

:J|  C.  Lightle  and  Frank  G.  Hawksworth 
ncipal  Plant  Pathologists 

il  1973 


ipA  Forest  Service 
earch  Paper  RM-106 
ky  Mountain  Forest  and 
ige  Experiment  Station 
Department  of  Agriculture 


Abstract 

Southwestern  dwarf  mistletoe  has  been  a  problem  in  ponderosa 
pine  on  the  South  Rim  of  Grand  Canyon  for  many  decades.  The 
National  Park  Service  program  to  control  the  parasite,  begun  in 
1949,  was  the  first  large-scale  attempt  to  control  dwarf  mistletoe 
in  a  recreational  forest.  The  area  has  been  sanitized  at  about  5- 
year  intervals  since  the  initial  treatment.  This  Paper  describes  the 
control  effort,  and  compares  the  treated  and  untreated  stands  after 
20  years.  The  original  goal  of  the  project  — to  reduce  the  level  of 
dwarf  mistletoe  and  protect  the  ponderosa  pine  forest  — has  been 
achieved.  Recommendations  for  dwarf  mistletoe  control  in  recrea- 
tional forests,  based  on  knowledge  gained  from  this  project,  are 
summarized. 

Oxford:  443.3:412.  Keywords:  Dwarf  mistletoe  control,  recrea- 
tional forests,  silvicultural  control,  Arceuthobium  vaginatum  SUbsp. 
cryptopodum,  Pinus  ponderosa. 
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FOREWORD 

Dwarf  mistletoe  on  the  South  Rim  ot  Grand  Canyon  National  Park  is  con- 
sidered a  native  pathogen  in  the  ponderosa  pine  forests  of  the  area.  The 
infection  intensity  became  a  matter  of  deep  concern  to  Park  managers  in  the 
1930's.  Research  in  the  late  1940's  indicated  a  possible  change  in  species 
composition  in  the  ponderosa  pine  type  should  the  infection  continue  at  the 
same  intensity.  Park  administrators  decided  in  the  1  950's  to  adopt  a  course  of 
resource  management  that  would  preserve  the  ponderosa  pine  forest  type, 
and  would  sustain  the  scenic  and  esthetic  values  along  the  Park's  South  Rim. 
Control  practices  have  been  continued  since  that  time. 

We  note  with  considerable  satisfaction  that  the  scenic  values  inherent  in 
the  South  Rim  ponderosa  pine  forest  have  been  maintained  along  the  East 
Rim  Drive.  As  the  Pork  approaches  a  new  milestone  in  the  project,  the  main- 
tenance phase  of  the  program,  this  Research  Paper  is  being  published  to  docu- 
ment the  history  of  joint  U.  S.  National  Park  Service-Forest  Service  effort  in 
the  preservation  of  the  forest  type  and  the  esthetic  values  in  a  highly  used 
recreational  portion  of  a  natural  area.  To  the  many  forest  research  scientists, 
particularly  the  late  Dr.  Lake  S.  Gill,  the  present  forest  pathologists  of  the 
Rocky  Mountain  Forest  and  Range  Experiment  Station,  Dr.  Frank  Hawksworth 
and  Dr.  Paul  Lightle,  and  the  staff  members  and  the  Superintendents  of  Grand 
Canyon  National  Park  over  three  decades,  forest  pathologists  of  future  genera- 
tions will  pay  tribute  for  this  documentation. 
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Park  Planner 

Office  of  Research  and 

Consultative  Services 
Denver  Service  Center 
National  Park  Service 


Eslie  H.  Lampi 

Resource  Management  Specialist 
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Control  of  Dwarf  Mistletoe  in  a  Heavily  Used  Ponderosa  Pine 
Recreation  Forest:  Grand  Canyon,  Arizona 


Paul    C.    Lightle    and    Frank    G.    Hawksworth 


HISTORY    OF   THE  CONTROL  PROJECT 

On  the  South  Rim  of  the  Grand  Canyon, 
mortahty  of  ponderosa  pine  (Pinus  ponderosa 
Laws.)  due  to  parasitism  by  southwestern  dwarf 
mistletoe  (Arceuthobium  vaginatum  subsp. 
cryptopodum  (Engelm.)  Hawks.  &  Wiens)  has 
been  recorded  since  before  the  turn  of  the 
century  (MacDougal  1899).  The  National  Park 
Service  expressed  concern  about  the  dwarf 
mistletoe  situation  along  the  South  Rim  as  early 
as  1933,  and  became  increasingly  concerned 
over  the  impact  of  the  infestation  in  the  pon- 
derosa pine  stands  east  of  Grand  Canyon  Village. 
The  severity  of  the  infestation  was  noted  by 
GUI  (1940,  1946)  and  Mielke  (1945).  Many  pole- 
sized  and  mature  pines  were  dying,  and  the 
growth  of  trees  in  all  size  classes  was  seriously 
affected.  A  factor  of  even  more  consequence  to 
the  esthetics  of  the  area,  however,  was  that  in 
some  places,  the  ponderosa  pine  type  was  being 
replaced  by  Gambel  oak  (Quercus  gambelii 
Nutt.). 

In  August  1947,  Division  of  Forest  Pathol- 
ogy'" and  National  Park  Service  personnel  met 
to  review  the  situation  on  the  ground.  As  a 
result  of  this  meeting,  the  Division  of  Forest 
Pathology  was  requested  to  make  a  preliminary 
study  to  determine  (1)  the  need  for  and  feasi- 
bility of  control,  and  (2)  the  general  procedures 
to  be  followed  if  control  was  to  be  practiced. 
The  survey  was  made  in  the  fall  of  1947,  and 
the  results  were  summarized  in  a  report  by 
Gill  (1949). 

Gill  emphasized  that  the  Park  Service's 
long-range  plans  for  the  area  — including 
whether  ponderosa  pine,  near  the  Rim  at  least, 
was  worth  preserving  for  future  generations  — 
had  to  be  decided  before  control  could  be  con- 
sidered. He  pointed  out  that,  left  unchecked, 
the  ponderosa  pine  stands  would  continue  to 


2 
The  Division  of  Forest  Pathology,  U.  S.  Department 

of  Agriculture,  tvas  transferred  from  the  Bureau  of  Plant 

Industry,    Soils    and    Agricultural    Engineering    to   the 

Forest    Service    in    1954,    and  became  the  Division  of 

Forest  Disease  Research. 


deteriorate,  but  that  a  decision  to  control  the 
parasite  must  include  the  commitment  to  at 
least  one  additional  sanitation  treatment. 

As  native  parasites,  dwarf  mistletoes  are 
generally  in  long-term  equilibrium  with  their 
hosts.  At  Grand  Canyon,  however,  dwarf 
mistletoe  on  ponderosa  pine  appears  to  be  an 
exception,  probably  because  the  stands  are 
marginal.  Ponderosa  pine  dwarf  mistletoe  is 
known  to  reduce  seed  production  in  heavily 
infected  trees  (Korstian  and  Long  1922),  and 
in  many  areas  it  appeared  to  Gill  (1949)  that 
ponderosa  pine  stands  had  been  replaced  by 
Gambel  oak.  Apparently  as  older  trees  on  the 
South  Rim  were  killed  by  mistletoe,  oak  took 
over  the  sites.  The  increase  in  oak  on  the 
South  Rim  is  unusual  because  it  is  due  not 
only  to  root  suckering,  but  also  to  seedling 
establishment.  Elsewhere  in  the  ponderosa  pine 
type,  oak  increases  almost  exclusively  due  to 
suckering. 

After  thorough  consideration  of  GUI's  re- 
port in  the  light  of  Service  policy.  Park  Service 
personnel  decided  the  dwarf  mistletoe  infesta- 
tion was  so  serious  that  a  control  project  was 
warranted  to  save  the  stands  along  the  East 
Rim  Drive. 

Financing  for  the  control  project  with  Pest 
Control  funds  was  obtained  by  the  National 
Park  Service.  Initial  control  was  begun  in 
September  1949  (Hawksworth  1951)  and  con- 
tinued until  June  1952  (Hawksworth  1952). 
Since  then  the  area  has  been  sanitized  three 
times  at  about  5-year  intervals.  Technical 
guidance  has  been  provided  by  the  Division  of 
Forest  Pathology  and  the  U.  S.  Forest  Service. 
As  part  of  the  project,  10  sample  plots  were 
established  in  the  treated  areas  and  in  nearby 
untreated  stands  so  that  the  effectiveness  of 
control  could  be  assessed. 

This  is  the  first  large-scale  attempt  to  control 
dwarf  mistletoe  in  a  recreational  forest.  Since 
the  project  is  well  known  and  has  been  visited 
by  many  foresters,  biologists,  and  forest  pathol- 
ogists, a  thorough  documentation  of  the  project 
is  warranted.  To  present  a  more  complete 
historical  account,  we  have  therefore  included 
references  to  several  unpublished  reports. 


The  purpose  of  this  Paper  is  to  describe 
and  evaluate  the  control  effort  after  20  years. 
The  report  consists  of  three  major  parts:  (1) 
The  control  project,  (2)  the  permanent  study 
plots,  and  (3)  suggestions  for  contiol  in  recrea- 
tion forests. 

THE  FOREST   AND   DWARF   MISTLETOE 

The  topography  of  the  plateau  south  of  the 
Rim  is  fairly  uniform,  with  slightly  rolling  hills. 
Elevations  range  from  7,300  to  7,600  feet.  The 
draws  are  usually  less  than  200  feet  lower  than 
adjacent  ridges.  In  the  eastern  part  of  the  area 
(from  about  2  miles  west  of  Grandview  Point) 
the  forest  is  nearly  pure  ponderosa  pine.  In  the 
western  portions,  however,  ponderosa  pine 
predominates  in  the  bottom  sites,  with  pinyon 
(Pinus  cdulis  Engelm.)  and  juniper  (Juniperus 
osteosperma  (Torr.)  Little)  on  the  ridges. 
Gambel  oak  is  a  frequent  associate  of  ponderosa 
pine  throughout  the  South  Rim  area.  Douglas- 
fir  (Pseudotsuga  menziesii  (Mirb.)  Franco), 
white    fir    (Abies   concolor   (Gord.     &  Glend.) 


Lindl.),  and  cispen  (Populus  tremuloides  Michx.) 
occur  at  or  below  the  canyon  rim,  but  are  in- 
significant components  of  the  forests  on  the 
plateau. 

Dwarf  mistletoe  occurs  on  ponderosa  pine 
from  near  Yaki  Point  for  about  10  miles  along 
the  East  Rim  to  near  the  east  end  of  the  pon- 
derosa pine  type  (Hawksworth  1967,  fig.  1).  The 
ponderosa  pine  stands  near  Grand  Canyon 
Village  and  the  Park  Headquarters  are  appar- 
ently free  of  the  parasite. 


THE   CONTROL  PROJECT 

Control  Strategy 

At  the  outset  of  the  project  it  was  fully 
realized  that  ponderosa  pine  dwarf  mistletoe 
was  a  native  parasite,  and  that  attempts  would 
be  made  to  control,  not  eradicate,  it.  No  control 
was  to  be  attempted  in  areas  that  were  not  to 
be  developed  for  scenic  and  recreational  pur- 
poses.  The  Grand  Canyon  control  project  was 
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Figure  1  .— 
The  Couth  Rim  of  Grand  Canyon 
showing  the  location  of  ponderosa 
pine  stands.  The  stippled  area 
indicates  the  stands  with  dwarf 
mistletoe  infection  (from  Hawks- 
worth  1967). 


undertaken  to  protect  the  ponderosa  pine  forest 
in  the  scenic  and  intensively  used  portions  of 
the  South  Rim  by  reducing  the  levels  of  dwarf 
mistletoe.  This  was  to  be  accomplished  by 
removing  mistletoe  infections  from  trees  to  be 
protected,  or  otherwise  isolating  these  trees 
from  mistletoe  infection  (U.S.  National  Park 
Service  1949). 

The  plan  was  to  apply  control  measures  in 
sections  17  and  20  between  the  canyon  rim  and 
the  East  Rim  Drive  and  Grandview  Spur  Road, 
a  300-foot  strip  along  the  south  side  of  the  East 
Rim  Drive  in  sections  17  and  20,  and  a  300-foot 
roadside  strip  along  both  sides  of  this  drive 
between  Yaki  Point  Junction  and  the  west 
boundary  of  section  17  (fig.  2).  The  300-foot 
roadside  strip  was  not  continuous  because  of 
intervening  pinyon-juniper  areas  (Hawksworth 
1952).  Dwarf  mistletoe  infected  ponderosa  pine 
was  present  on  680  acres  (or  62  percent)  of  the 
1,100  acres  within  the  control  area. 

In  1956,  Park  personnel  surveyed  the  area 
east  of  the  original  control  area  between  the 
canyon  rim  and  a  proposed  new  roadalinement, 
extending  east  to  the  end  of  the  ponderosa  pine 
type  (James  1956).  Because  the  survey  showed 
that  dwarf  mistletoe  was  present  throughout  the 
area,  an  appraisal  survey  by  the  Albuquerque 
Forest  Disease  Laboratory,  USDA  Forest  Service, 
was  requested  (Hawksworth  1956).  Park  per- 
sonnel then  decided  to  include  this  area  in  the 
control  unit  to  (1)  save  the  ponderosa  pine 
type,  (2)  have  a  continuous  roadside  area 
pleasing  to  the  visitor,  and  (3)  have  a  consol- 
idated control  area  that  would  be  easier  to 
maintain.  Control  measures  were  to  be  applied 
to  infected  ponderosa  pines  between  the  canyon 
rim  and  the  East  Rim  Drive  east  of  the  origi- 
nally treated  area,  to  a  300-foot  strip  south  of 
the  Drive  in  the  same  area,  and  to  infested 
lareas  further  west  along  the  realined  road  (fig. 
2).  (A  10-acre  plot  in  section  21  was  left 
untreated  to  compare  with  a  10-acre  treated  plot 
nearby  in  section  20.)  Initial  control  work  began 
in  November  1956  and  was  completed  in  Decem- 
ber 1957  (James  1958). This  new  area,  designated 
as  extension  A,  contained  about  840  acres,  most 
of  which  was  uniformly  and  heavily  infested 
with  dwarf  mistletoe. 

In  1965  it  appeared  that  dwarf  mistletoe  was 
reinvading  the  control  area  from  the  untreated 
stands  to  the  south.  A  utility  right-of-way  about 
JO  feet  wide  had  been  clearcut  near,  and  more 
or  less  parallel  to,  the  south  boundary  of  the 
control  project.  Park  personnel  decided  to  ex- 
tend the  control  area  to  this  clearcut  strip  to 
retard  reinvasion  of  the  treated  area.  Treatment 
bf  this  area,  called  extension  B,  was  begun  in 
1966  (fig.  2).  About  408  acres  of  ponderosa  pine 


type,  most  of  which  was  heavily  infested  by 
dwarf  mistletoe,  were  included  in  extension  B. 


Control  Methods 

Feasibility  of  controlling  ponderosa  pine 
dwarf  mistletoe  by  a  systematic  program  of 
sanitation  had  already  been  demonstrated  by 
studies  at  the  Fort  Valley  Experimental  Forest, 
near  Flagstaff,  Arizona  (Gill  and  Hawksworth 
1954).  Sanitation  consists  of  pruning  lightly  to 
moderately  infected  trees,  and  killing  heavily 
infected  ones. 

Initial  sanitation  involved  pruning,  poison- 
ing, or  felling  infected  trees  (Hawksworth  1951). 
For  esthetic  reasons,  as  many  trees  as  possible 
were  pruned.  Trees  were  considered  not  prun- 
able,  and  to  be  killed  if: 

1.  Over  half  of  the  crown  would  be  removed  in 
pruning  operations.  This  basic  rule  was  not 
followed  strictly,  but  was  influenced  by  (a)  the 
distribution  of  the  mistletoe  in  the  tree,  (b) 
general  tree  health,  (c)  appearance  of  the  tree 
after  treatment,  and  (d)  allowance  for  the 
later  removal  of  additional  infected  branches 
that  were  not  visibly  infected  at  the  time  of 
the  original  treatment. 

2.  Mistletoe  shoots  were  on  or  within  18  inches 
of  the  main  stem.  (In  1961  and  subsequent 
years  this  was  reduced  to  12 inches.)  Exceptions 
were:  (a)  some  trees  with  infections  on  small 
branches,  and  (b)  some  trees  with  bole  infec- 
tions where  the  bole  diameter  was  12  inches 
or  larger. 

Gill  (1949)  emphasized  that  a  satisfactory 
degree  of  control  could  not  be  achieved  in  one 
operation.  Subsequent  examination  and  sanita- 
tions were  planned  as  an  integral  part  of  the 
project.  The  number  of  sanitations  that  would 
be  required  was  not  known  at  the  beginning  of 
the  project,  but  inspections  were  to  be  made  at 
3-  to  5-year  intervals  to  determine  the  need  for, 
and  timing  of,  the  next  operation.  A  complicat- 
ing factor  in  determining  the  extent  of  subse- 
quent sanitation  was  that  pruning  was  used 
very  extensively  in  an  attempt  to  save  as  many 
trees  as  possible  (over  half  of  the  trees  treated 
in  the  initial  operation  were  pruned).  It  was 
realized  at  the  outset  that  more  sanitations 
would  be  needed  for  this  type  of  operation  than 
for  control  projects  in  timber-production  forests, 
where  infected  trees  are  cut,  and  very  few  were 
pruned  (for  example,  the  mistletoe  control  op- 
eration on  the  Mescalero  Apache  Reservation, 
New  Mexico  — Hawksworth  and  Lusher  1956, 
Lightle  and  others  1967). 
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Figure  2.— 
The  Grand  Canyon  Dwarf  Mistletoe  Con- 
trol Project,  showing  the  areas  covered 
in  the  initial  operations  and  extension 
areas  A  and  B.  The  10  permanent  plots 
ore  also  shown. 


uunmia^-^^-^^^^''^^J^    CANYON     RIM 


1    mile 


DVIEW      POINT 


Plot  4  Untreated 


Control  Operations 

The    entire    control  area  included    about 
2,348  acres: 


Control  Unit 

Sanitation 

operations 

Initial        Subsequent 

(Years) 

Original  area 
(1,100  acres) 

1949-52            1954-55 
1961-62, 
1966-70 

Extension  A 
(840  acres) 

1956-57            1961-62, 
1966-70 

Extension  B 
(408  acres) 

1966-69            none 

available  on  the  type  of  treatment  for  all  years 
of  the  operation,  apparently  about  one-third  of 
the  trees  were  pruned  and  two-thirds  were 
killed  by  cutting  or  poisoning. 

The  initial  sanitation  treatments  on  the 
original  control  area  relied  much  more  heavily 
on  pruning  (53  percent  of  the  trees  treated) 
than  did  the  first  sanitations  in  extension  area 
A  (33  percent)  or  extension  area  B  (20  percent). 
Factors  involved  in  this  change  were  the  high 
cost  of  pruning  trees  and  the  frequent  need  for 
their  re-treatment. 

The  three  areas  covered  by  the  project  — 
initial  control,  extension  area  A,  extension  area 
B  — will  be  discussed  separately.  A  chronology 
of  the  operations  in  the  various  control  units 
is  given  in  table  1. 


In  all  operations,  68,400  tree  treatments  were 
recorded.  It  is  not  known  how  many  individual 
trees  were  treated  because  some  were  pruned 
from  two  to  four  times,  and  some  pruned  trees 
developed  so  much  mistletoe  they  had  to  be 
killed  later.  Although  complete  records  are  not 


Original  Control  Area 

The  1,100  acres  (see  fig.  2)  were  initially 
sanitized  in  1949-52.  Additional  sanitations  were 
made  in  1954-55  and  1961-62.  Most  of  the  area 
(except  along  the  East  Rim  Drive  west  of 
section  4)  was  again  sanitized  in  1966-70.  Thus 


Table    1 . --Chronology  of   dwarf    mistletoe  sanitations   at   Grand    Canyon   National    Park 


Years  San  i  tat  ion 


Area    treated 


19^9-52 

Initial 

195^-55 

Second 

1956-57 

Initial 

1961-62 

Third 

Second 

1966-69 

Fourth 

Third 

Initial 


Original  control  area 

Original  control  area 

Extension  area  A 

Original  control  area 
Extension  area  A 

Original  control  area  south  of  highway  in  sections  17  and  20,  roadside  west 
of  Section  k 

Extension  area  A  south  of  highway  in  Section  21  and  western  portions  of 
Section  ^4 

Extension  area  B 


1969-70     Fourth      Original  control  area  north  of  highway  in  Sections  17  and  20 
Third       Extension  area  A  in  Sections  14,  15,  16,  and  21 


most   of   the    area  has  been  resanitized  after 
about  5,  10,  and  20  years. 

A  total  of  6,932  trees  (6.3  per  acre)  was 
treated  in  the  initial  sanitation  and  4,220  (3.8 
per  acre)  in  the  second  (table  2).  Only  trees 
over  6  feet  high  are  included  because  records 
for  the  smaller  trees  are  incomplete.  Fifty-three 
percent  of  the  trees  were  pruned  initially  and 
70  percent  in  the  second  sanitation.  The  propor- 
tion of  trees  pruned  was  highest  in  mature 
trees  —  63  percent  initially  and  84  percent  in  the 
second  sanitation. 

Data  are  not  available  on  the  number  of 
trees  treated  in  the  third  and  fourth  sanitations 
of  the  original  control  area  because  the  totals 
were  combined  with  those  from  extension 
area  A. 


Extension  Area  A 

Extension  area  A  (see  fig.  2)  was  initially 
sanitized  in  1956-57;  a  second  sanitation  was 
made  in  1961-62,  and  a  third  in  1966-70.  Thus 
this  area  was  resanitized  after  about  5  and  13 
years.  Data  on  the  number  of  trees  treated  in 
area  A  are  available  only  for  the  initial  sanita- 
tion because  data  for  1961-62  and  1968-70 
operations  were  combined  with  those  for  the 
original  control  area. 

A  total  of  9,648  trees  of  all  size  classes  was 
treated  during  the  initial  operation  on  extension 
area  A.  Of  these,  33  percent  (3.8  per  acre)  were 
pruned  and  the  rest  (7.7  per  acre)  killed. 


PERMANENT   STUDY   PLOTS 

Description 

Ten  permanent  study  plots^  totaling  31.17 
acres  were  established  in  or  near  the  original 
control  area  to  obtain  information  on  the  success 
of  the  control  operation  (see  fig.  2).  Five  plots 
were  within  the  treated  area  and  were  subjected 
to  the  same  control  measures  as  in  the  sur- 
rounding stands;  the  other  five  plots  were  out- 
side the  control  area  and  were  left  untreated. 
The  treated  plots  were  first  sanitized  in  1949-52, 
with  subsequent  sanitations  in  1954-55,  1961-62, 
and  1966-70.  As  will  be  discussed  later,  treated 
Plot  2  has  not  yet  had  its  scheduled  third  sani- 
tation. All  plots,  except  Plot  6,  were  established 
in  1950  (Hawksworth  1951).  Plot  6  was  set  up 
in  1952.  All  trees  on  the  plots  were  examined  in 
1955,  1961,  1966,  and  1970. 

Individual  tree  data  were  obtained  on  these 
plots  by  tagging  trees  over  4  inches  in  d.b.h.  in 
1950.  At  the  time  of  the  1961  examination,  all 
trees  over  3.5  inches  d.b.h.  were  tagged.  Details 
on  the  numbers  of  trees  and  basal  areas  on 
these  plots  are  given  in  tables  3  and  4. 

The  ten  plots  were  divided  into  six  groups 
as  follows: 

Plot  1  Series.  —  Two  10-acre  plots,  one  treated 
and  one  untreated.  This  series  was  established 
to  determine  the  effectiveness  of  control  meas- 
ures in  heavily  infected  overmature  stands  in 
the  eastern  portions  of  the  area. 


Extension  Area  B 

Extension  area  B  was  initially  sanitized  in 
1966-69  (see  fig.  2).  There  have  been  no  further 
sanitations  to  date,  but  a  second  treatment  is 
scheduled  for  1973.  Data  are  not  available  on 
the  number  of  trees  treated  in  extension  area 
B  because  the  totals  were  combined  with  those 
from  other  areas. 


^Stands  on  the  study  area  consisted  of  ( 1)  reproduc- 
tion—  young  trees  up  to  3.5  inches  d.b.h.;  (2)  poles  — 
young  trees  3.6  to  11.5  inches  d.b.h.;  (3)  blackjacks  — 
young  trees  11.6  inches  d.b.h.  and  larger,  with  black 
bark  and  pointed  top;  (4)  mature  trees,  11.6  inches  d.b.h. 
and  larger,  but  usually  less  than  24.0  inches,  with  yellow 
bark  and  tops  beginning  to  flatten;  (5)  overmature  trees, 
usually  over  24  inches  d.b.h..  with  yellow  bark  and  flat 
top. 


Table   2. --Number  of    trees,    by   size   class    (over   6   feet    high  and    hi    to  more    than    30    inches   diameter 
at    breast    height),    treated    in    the    initial    and    second    sanitations   on    the  original    control 
area    (1 , 100  acres) 


Initial    Sanitation 


Second    Sanitation 


Size   class 


Pruned 

Killed 

Pruned 

Killed 

-  -  - 

-  -  -  - 

Number 

" 

751 

likO 

1,059 

20^* 

2,016 

2,115 

950 

313 

921 

689 

931 

763 

Mature  (over  30  inches  d.b.h.) 
Intermediate  (trees  ^i    to  30  inches  d.b.h.) 
Saplings  (trees  6  feet  high  to  k^    inches  d.b.h.) 
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Plot  2  Series. —  Three  plots  — a  2.62-acre 
treated  plot,  and  two  untreated  plots  of  1.25 
(2A)  and  1.05  acres  (2B).  This  series  was  estab- 
lished to  determine  the  effectiveness  of  control 
measures  in  heavily  infected  blackjack  stands 
in  the  western  portions  of  the  area. 

Plot  3.  —  One  plot  of  0.51  acre.  This  plot  was 
established  to  study  effectiveness  of  treatment 
in  a  single  infestation  center  in  a  black- 
jack stand. 

Plot  4  Series. —  Two  plots  — a  treated  plot 
of  0.41  acre  and  an  untreated  plot  of  0.52  acre 
on  the  Kaibab  National  Forest  just  south  of 
the  National  Park  boundary.  This  series  was 
established  to  determine  the  effectiveness  of 
control  measures  in  heavily  infected  reproduc- 
tion and  pole  stands. 

Plot  5. —  One  plot  of  0.1  acre.  This  plot  was 
established  to  determine  the  effectiveness  of 
control  measures  in  severely  infected  dense 
reproduction. 

Plot  6.  — One  plot  of  4.80  acres.  This  plot 
was  established  to  determine  the  rate  of  invasion 
of  dwarf  mistletoe  through  a  mature  untreated 
stand. 


Study  Plot  Results 

Plot  1  Series 

The  stand  and  disease  characteristics  in  1950 
and  1970  on  the  treated  and  untreated  plots  in 
the  heavily  infected  mature  ponderosa  pine 
forests  in  the  eastern  portion  of  the  control 
area  (figs.  3-5)  are  summarized  in  table  5.  The 
plots  were  comparable  before  treatment  in  1950: 
78  percent  of  the  trees  infected  with  an  average 
plot  rating  of  2.8  on  the  6-class  scale^  on  the 
treated  plot,  and  77  percent  of  the  trees  infected 
with  an  average  plot  rating  of  2.7  on  the  un- 
treated plot.  In  1950,  the  number  of  dead  stand- 
ing trees  killed  by  mistletoe  was  also  similar 
on  both  plots:  22  on  the  treated  plot,  and  27  on 
the  untreated  plot. 

In  the  original  sanitation,  9.0  trees  per  acre 
were  killed,  and  7.1  pruned  on  the  treated  plot. 
Subsequently,  3.0  more  trees  per  acre  were 
killed.  By  1970,  9.6  trees  per  acre  remained,  but 
95  percent  of  these  were  mistletoe-free.  In  con- 


Forthis  6-class  rating  system,  the  crown  of  each  tree 
is  divided  horizontally  into  thirds  (Hawksworth  1961). 
Each  third  is  then  given  a  rating  of  zero  (no  mistletoe), 
1  (light  mistletoe),  or  2  (heavy  mistletoe).  The  three 
ratings  are  then  totaled  to  give  a  tree  rating  which  may 
range  from  zero  (no  mistletoe)  to  6  (each  third  of  the 
crown  heavily  infected).  The  ratings  of  all  live  trees  are 
then  averaged  to  obtain  a  plot  rating. 


trast,  7.6  trees  per  acre  were  killed  by  dwarf 
mistletoe  on  the  check  plot,  and  the  proportion 
of  trees  infected  increased  from  77  to  79  per- 
cent. If  the  current  mortality  rate  continues, 
the  untreated  stand  will  have  lost  more  trees  by 
about  1985  than  were  killed  or  died  on  the 
treated  area,  and  the  untreated  area  will  still 
be  heavily  infected  with  dwarf  mistletoe. 

Perhaps  the  most  meaningful  comparison 
is  the  average  plot  mistletoe  rating  in  1950  and 
1970.  This  figure,  based  on  all  live  trees  in  the 
plot,  gives  a  useful  overall  comparison  of  the 
amount  of  mistletoe  present.  The  extent  of  in- 
fection on  the  untreated  plot  in  1970  (mistletoe 
rating  3.5)  was  about  35  times  that  on  the! 
treated  plot  (mistletoe  rating  0.1). 

To  evaluate  the  ponderosa  pine  reproduc- 
tion, 100  0.004-acre  temporary  microplots,  spaced 
on  a  1-chain  grid,  were  established  in  both 
Plots  1  treated  and  untreated  in  1972.  The  age 
of  each  tree  under  4  inches  d.b.h.  was  esti- 
mated to  be  more  than,  or  less  than,  20  years 
old  by  counting  the  number  of  branch  or  stem 
whorls.  Reproduction  in  the  treated  plot  was 
found  to  be  free  of  infection  (table  6)  and  so 
abundant  that  a  well-stocked,  esthetically  pleas- 
ing ponderosa  pine  stand  can  be  expected.  On 
the  untreated  area,  however,  pine  reproduction 
is  already  infected  (8  percent  of  the  trees  under 
20  years  and  13  percent  of  those  over  20  years). 
This  stand  will  probably  never  reach  maturity, 
and  will  have  minimal  recreational  potential. 

Reproduction  over  20  years  old  is  somewhat 
more  abundant  on  the  untreated  plot  (table  6) 
because  most  of  the  visibly  infected  trees  were 
removed  on  the  treated  plot.  The  number  of 
trees  less  than  20  years  old,  however,  is  over 
five  times  greater  on  the  treated  area.  Also, 
reproduction  on  the  treated  area  is  more  uni- 
formly distributed.  (Twice  as  many  microplots 
had  trees  under  20  years  old  on  the  treated 
area.)  Some  possible  explanations  for  this  con- 
dition are:  (1)  The  more  abundant  production 
of  viable  seed  by  mistletoe-free  and  lightly  in- 
fected trees,  (2)  creation  of  better  seedbed 
conditions  due  to  exposure  of  mineral  soil  by 
control  activities,  and  (3)  the  wider  spacing 
between  older  trees  allowing  for  better  survival 
of  young  trees. 

The  original  observation  that  Gambel  oak 
was  replacing  the  ponderosa  pine  type  in  some 
heavily  infested  areas  of  the  park  (GiU  1949) 
has  not  yet  been  documented.  Data  taken  in 
1972  on  Plots  1  treated  and  untreated  showed 
no  significant  difference  in  the  number  of  oak 
sprouts  or  seedlings.  A  time  period  much  longer 
than  the  20  years  covered  by  this  examination 
will  pi-obably  be  necessary  to  establish  the 
relationship  between  dwarf  mistletoe  control 
activities  and  oak  populations. 
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Figure  3. — 
Plot  1  Treated,  from  the  southeast  corner: 

A,  1949,  before  treatment; 

B,  fall  of  1950,  about  a  year  after  initial 
sanitation; 

C,  D,  August  1971. 

Note  that  reproduction  has  obscured  the 
view  in  C;  D  was  taken  from  about  15 
feet  above  the  original  camera  point. 


Figure  4.— 
Plot     1     Untreated,    near   the     southeast 
corner: 

A,  June  1950; 

B,  May  1955; 

C,  May  1971. 
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Figure  5.— Deterioration  of   the   mature   forest,  due  to  ttie  effects  of  dwarf 
mistletoe,  represented  by    two  areas  in  Plot  1  Untreated: 


A,  June  1950; 

B,  May  1971; 


C,  June  1950; 

D,  May  1971. 


13 


Table  5. --Compari son  (per-acre  basis)  of  treated  and  untreated  stands,  Plots  1  and  2, 

Grand  Canyon  National  Park,  1950-70 


Plot  description 


Natural 
morta 1 i  ty 
of  trees, 

1950-70 


Trees 


Tota' 


Heal  thy 


Basal  area 


Total    Healthy 


Average 
d.b.h. 
1  i  ve 
trees 


Dwarf 
mistletoe 
rating 


PLOT  1  (MATURE) 

Treated 
1950 
1970 

Di  f ference 

Untreated 
1950 
1970 

Di  f ference 

PLOT  2  (BLACKJACK) 

Treated 
1950 
1970 

D  i  f ference 

Untreated 
1950 
1970 

Di  f ference 


No. 


0.5 


7.6 


1.9 


H.3 


No. 


4.5 


-13.9 


Percent 


Sq. ft.       Percent 


I  nches 


20.7 
9.6 

22 
95 

29.0 
13.6 

10 

97 

13.5 

]k.2 

2.8 
0.1 

-11.1 

+73 

-15. i* 

+87 

+  0.7 

-2.7 

29.0 
2i».5 

23 
21 

'*6.1 
38.2 

12 
12 

1i».5 
13.9 

2.7 
3.5 

•11 


7.9 


-  0.5 


0.6 


+   1.1 


+0,8 


106.7 

39 

22.8 

38 

9.2 

1.7 

71.2 

66 

19.6 

63 

10.3 

0.7 

-35.5 

+27 

-  3.2 

+25 

+  1.1 

-1.1 

9'*.8 

39 

32.8 

38 

10.4 

1.8 

80,9 

28 

32,3 

32 

11.5 

2.9 

+1.1 


Table  6. --Ponderosa  pine  reproduction  (trees 
per  acre  under  4  inches  d.b.h.)  on 
Plot  1  series  (based  on  100  0.004- 
acre  microplots  on   each   plot) 


Micropl 

lots 

Dwarf 

Total 

wi  th 

trees 

mi  St letoe- 

trees 

Mean 

+ 

seI/ 

infected 
trees 

No. 

- 

- 

Percent  -  - 

Trees  less  than 

20  years  old: 

Treated  plot 

510 

46 

+ 

10 

0 

Untreated  plot 

95 

20 

+ 

8 

8 

Trees  more  than 

20  years  old: 

Treated  plot 

235 

23 

+ 

8 

0 

Untreated  plot 

415 

37 

+ 

10 

13 

—  Standard   error. 
Plot  2  Series 

The  stand  and  disease  characteristics  on 
the  treated  and  untreated  plots  in  the  heavily 
infected  blackjack  stands  in  the  western  por- 
tions of  the  control  area  (figs.  6-7)  are  sum- 
marized in  table  5.  The  plots  were  comparable 
before  treatment  in  1950:  61  percent  of  the  trees 


were  infected  on  both  plots;  the  average  plot 
mistletoe  rating  on  the  treated  plot  was  1.7 
while  that  on  the  untreated  plots  was  1.8. 

Since  control  started,  2  trees  per  acre  on 
the  treated  plot  have  di^d  of  natural  causes, 
and  21  trees  per  acre  have  been  killed  by  treat- 
ment; 24  (34  percent)  of  the  remaining  trees 
were  infected  in  1970.  On  the  untreated  plots, 
14  trees  per  acre  have  died,  and  72  percent  of 
the  trees  were  infected  in  1970.  The  average 
dwarf  mistletoe  rating  was  reduced  from  1.7  in 
1950  to  0.7  in  1970  by  the  control  operations, 
but  on  the  untreated  plots  the  rating  during 
this  20-year  period  increased  from   1.8  to  2.9. 

Control  appears  to  have  been  less  effective 
for  this  heavily  infected  blackjack  stand  than 
it  was  for  the  mature  stand  (Plot  1  Series). 
Additional  considerations  are  necessary  to 
understand  this  situation. 

At  the  time  of  the  1970  examination.  Plot  2 
Treated  had  not  yet  received  its  scheduled 
fourth  sanitation,  and  thus  had  not  been  treated 
since  1961.  Fifty-two  of  the  63  trees  now  in- 
fected with  dwarf  mistletoe  were  infected  in 
1966  and  should  have  been  treated  at  that  time. 
Had  this  been  done,  12  trees  would  have  been 
killed  and  the  rest  pruned.  The  number  of 
trees    showing    new  infections  in  1970  would 
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Frgure  6.- Deterioration   of    the    young    forest,    due    to    the  effects  of  dwarf 
mistletoe,  represented  by   two  areas  in  Plot  2A  Untreated: 


A,  June  1950; 

B,  May  1971; 


C,  June  1950; 

D,  May  1971. 
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Figure  7.—  Deterioration   of    the    young    forest,    due    to    the  effects  of  dwarf 
mistletoe,   represented  by  two  areas  in  Plot  2B  Untreated: 


A,  June  1950; 

B,  May  1971  (note  increase  in 
height  growth  of  Gambel  oak); 


C,  June  1950; 

D,  May  1971. 
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undoubtedly  have  been  reduced  much  below 
the  11  that  were  found,  and  the  number  of 
previously  infected  trees  that  are  still  infected 
would  have  been  correspondingly  lower. 

What  has  happened  on  Plot  2  Treated  is  a 
good  indication  of  what  will  happen  when  con- 
trol efforts  are  stopped.  A  popular  picnic  area 
was  installed  in  the  northeast  corner  of  this 
treated  plot  after  its  establishment.  Without 
further  treatment  to  control  dwarf  mistletoe, 
tree  mortality  in  this  area  will  accelerate.  The 
stand  adjacent  to  the  picnic  ground  can  be 
expected  to  become  thin,  and  the  foliage  on  the 
living  trees  will  turn  yellow.  Its  usefulness  will, 
therefore,  be  greatly  impaired,  and  it  may 
eventually  have  to  be  abandoned  because  of 
the  danger  of  dead  trees  falling  on  picnickers 
or  their  vehicles. 


258  trees  per  acre  were  killed  during  the 
original  treatment  in  1950,  and  an  additional 
241  trees  per  acre  were  killed  in  re-treatments, 
but  only  five  other  trees  have  died.  Of  the  141 
trees  per  acre  in  1970,  5  percent  were  infected, 
and  the  average  plot  mistletoe  rating  had  been 
reduced  from  2.8  in  1950  to  0.05.  When  the  un- 
treated plot  was  last  examined  in  1972,  104  trees 
per  acre  had  died,  and  88  percent  of  the  remain- 
ing 96  trees  per  acre  were  dwarf  mistletoe 
infected.  The  average  plot  rating  increased 
from  2.4  in  1950  to  4.0  in  1972. 

Even  these  marked  differences  do  not 
portray  the  whole  story,  because  the  treated 
plot  is  now  covered  with  a  thrifty  stand  of 
young,  mostly  uninfected  trees,  whereas  the 
untreated  plot  has  virtually  nothing  but  small 
dead  and  dying  trees. 


Plots 


Plots 


This  single  infestation  center,  in  a  100-year- 
old  blackjack  stand,  covered  about  1/4  acre  and 
involved  31  trees,  7  of  which  had  been  killed  by 
dwarf  mistletoe  (see  table  3).  An  additional  18 
uninfected  trees  surrounding  the  center  were 
included  in  the  plot.  In  sanitizing  this  plot,  7 
trees  were  killed  and  16  pruned.  One  tree  died 
in  the  1950-70  period  from  causes  other  than 
mistletoe.  Only  three  of  the  original  trees  in 
the  center  were  infected  in  1970,  and  there  have 
been  no  newly  infected  trees.  In  1950,  57  per- 
cent of  the  trees  on  the  plot  were  infected,  and 
the  average  plot  mistletoe  rating  was  1.5.  In 
1970,  9  percent  of  the  trees  were  infected  and 
the  average  mistletoe  rating  was  only  0.1.  Con- 
trol has  clearly  reduced  the  dwarf  mistletoe 
population  to  an  insignificant  level. 


Plot  4  Series 

At  the  time  of  establishment,  the  treated 
plot  contained  groups  of  saplings,  small  poles, 
and  very  heavy  reproduction  in  the  south  half 
(see  table  3).  The  untreated  stand  differed  in 
that  there  was  much  less  reproduction,  and 
some  of  the  dominant  trees  were  larger  (see 
table  3).  Dwarf  mistletoe  infection  was  compa- 
rable on  the  plots.  The  treated  plot  had  73 
percent  of  the  trees  infected,  and  an  average 
plot  rating  of  2.8;  the  untreated  plot  had  79 
percent  of  the  trees  infected,  and  an  average 
plot  rating  of  2.4. 

No  detailed  comparison  can  be  made  between 
the  plots  because  eight  of  the  largest  trees  on 
the  untreated  plot  on  the  Kaibab  National 
Forest   were   cut  in  1968.  On  the  treated  area. 


Although  the  overstory  trees  which  were 
responsible  for  the  infection  were  killed  during 
treatment  or  died  due  to  dwarf  mistletoe,  the 
reproduction  was  infected  prior  to  treatment. 
In  1950  there  were  3,250  trees  per  acre  under  12 
feet  high  on  this  plot.  Forty-nine  percent  of 
these  were  infected,  and  most  infected  trees 
(1,200  per  acre)  were  cut  in  1950.  Subsequent 
operations  removed  some  additional  trees.  In 
1972,  only  2  percent  of  the  remaining  1,370  trees 
per  acre  were  infected.  Thus  the  remaining 
stand  of  young  trees  is  thrifty,  and  virtually 
free  from  dwarf  mistletoe. 


Plot  6 

This  plot  is  along  the  edge  of  the  range  of 
dwarf  mistletoe  about  a  mile  from  the  canyon 
rim  (see  fig.  2).  In  1952,  17  percent  of  the  251 
trees  on  the  plot  were  infected,  and  the  average 
plot  mistletoe  rating  was  0.4.  In  1972,  34  percent 
of  the  trees  were  infected  and  the  average  plot 
rating  had  risen  to  1.1.  Detailed  analyses  on  the 
rate  of  spread  of  dwarf  mistletoe  on  this  plot 
will  be  published  elsewhere. 


Analysis  of  Untreated  Plots 

Analysis  of  the  data  from  the  untreated 
plots  (1,  2,  4,  and  6)  provides  an  insight  into 
behavior  of  dwarf  mistletoe  on  the  South  Rim. 

A  plot  of  the  20-year  change  in  average 
basal  area  per  tree  for  trees  uninfected,  and  the 
six  mistletoe  infection  classes,  in  1950  (fig.  8) 
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Figure  8.— 
Comparison   of    the    20-year   bcsol  area 
growth    of    864    trees    of   various    dwarf 
mistletoe    infection   classes    on    the     un- 
treated plots. 


2  3  4 

Mistletoe  rating  (1950) 


shows  the  effects  of  dwarf  mistletoe  on  growth 
rate  and  mortaUty  combined.  The  data  are 
similar  to  the  11-year  results  on  these  plots 
published  by  Lightle  (1966).  The  figures  were 
obtained  by  dividing  the  total  living  basal  area 
in  1950  and  1970  by  the  number  of  trees  in  each 
infection  class  in  1950.  Uninfected  trees  and 
those  in  infection  classes  1  and  2  increased  in 
basal  area  by  10  to  20  percent  during  the 
period.  Average  basal  area  per  tree  fell  below 
the  1950  level  between  infection  classes  2  and  3, 
and  decreased  markedly  in  higher  infection 
classes,  reaching  65  percent  less  in  class  6.  The 
larger  basal  area  change  in  infection  class  1 
over  that  of  uninfected  trees  is  due  to  their 
larger  size,  and  not  to  stimulation  by  dwarf 
mistletoe.  The  trees  in  infection  class  1 
averaged  about  1  inch  in  diameter  larger  than 
the  uninfected  trees  in  1950. 

Mortality   during    the    20-year    period  was 
directly  related  to  intensity  of  dwarf  mistletoe: 

Mortality  between 
Dwarf  mistletoe      Tree  basis       1950  and  1970 
rating  (1950)         (Number)  (Percent) 


0 

361 

4 

1 

88 

3 

2 

83 

12 

3 

59 

27 

4 

46 

37 

5 

62 

42 

6 

60 

63 

Mortality  rate  in  heavily  infected  (class  6)  trees 
was  more  than  15  times  that  of  healthy  trees. 
The  life  expectancy  of  class  6  trees  averages 
about  30  years,  but  will  vary  according  to  the 
sizes  and  ages  of  the  trees. 


Dwarf  mistletoe  intensified  rapidly  in  the 
mature  trees  on  untreated  Plots  1  and  6.  Mistle- 
toe ratings  of  trees  in  classes  1  through  4  in 
1950  advanced  to  the  next  higher  rating  in 
about  9  years.  This  is  somewhat  faster  than 
other  areas  in  the  southwest  that  have  been 
studied. 

CONCLUSIONS 

The  conclusions  drawn  here  apply  to  the 
original  control  area  first  sanitized  in  1949-52, 
and  to  extension  area  A  first  treated  in  1956-57. 
The  control  on  extension  area  B  has  been  too 
recent  (1966-69)   to  evaluate  its   effectiveness. 

Dwarf  mistletoe  populations  in  the  treated 
plots  were  markedly  reduced.  For  example,  on 
the  Plot  1  Series,  the  extent  of  dwarf  mistletoe 
infestation  (based  on  average  plot  mistletoe 
ratings)  after  20  years  is  over  35  times  as  high 
on  the  untreated  as  on  the  treated  plot. 

In  detailed  examinations  of  the  control 
area  in  1965  by  several  Park  Service  personnel 
and  the  senior  author,  only  287  infected  trees 
were  found  in  an  area  of  about  750  acres  during 
25  man-hours  of  intensive  searching.  These 
infected  trees  were  generally  in  small  groups, 
and  lightly  infected,  usually  with  only  one  or 
two  dwarf  mistletoe  plants  per  tree. 

The  results  from  the  permanent  plots  plus 
examinations  of  the  control  area  outside  the 
plots  clearly  indicate  that  the  original  goal  of 
the  project  — to  reduce  the  level  of  dwarf 
mistletoe  and  protect  the  ponderosa  pine  forest 
—  has  been  achieved.  This  has  generally  been 
accomplished  without  undue  alteration  of,  or 
disturbance  to,  the  ponderosa  pine  stands 
within  the  treated  area.    These  stands  are  now 
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thrifty,  relatively  free  of  dwarf  mistletoe,  and 
contain  ample  reproduction  to  insure  the  per- 
petuation of  ponderosa  pine  along  the  scenic 
East  Rim  Drive. 


SUGGESTIONS   FOR   DWARF  MISTLETOE 
CONTROL  IN  RECREATIONAL  FORESTS 

The  20-year  results  of  the  Grand  Canyon 
control  project  have  yielded  much  information 
that  may  be  useful  in  future  operations  in  rec- 
reational forests. 

1.  In  general,  pruning  should  be  limited 
to  lightly  infected  trees  (classes  1  or  2).  Re- 
moval of  more  than  50  percent  of  the  live 
crown  is  not  recommended.  The  number  and 
extent  of  sanitations  necessary  is  directly  re- 
lated to  the  proportion  of  trees  pruned  initially. 
In  the  initial  sanitation  of  the  original  control 
area,  more  than  half  of  the  trees  were  pruned 
in  an  attempt  to  save  as  many  trees  as 
possible.  This  necessitated  many  subsequent 
recleanings,  because  most  trees  had  to  be  re- 
pruned,  some  of  them  two,  three,  or  even  four 
times.  Also,  pruned  trees  frequently  developed 
so  much  reinfection  that  they  had  to  be  kUled 
later.  We  suggest  that  the  more  recent  opera- 
tions, in  which  about  20  to  30  percent  of  the 
trees  were  pruned,  were  more  successful  be- 
cause pruning  was  limited  to  lightly  infected 
trees.  Successful  elimination  of  dwaif  mistletoe 
by  pruning  is  strongly  correlated  with  amount 
of  infection  in  the  tree  at  the  time  of  the  initial 
operation  because  many  pruned  trees  have  to 
be  killed  later: 


Original  dwarf 

Proportion  of  pruned  trees 

mistletoe  rating 

alive  20  years  later 

(Percent ) 

1 

70 

2 

50 

3 

40 

4 

10 

2.  Pruning  should  be  confined,  as  far  as 
possible,  to  the  more  isolated  trees.  Pruning 
even  lightly  infected  residual  trees  in  once 
heavily  infected  groups  of  pole-sized  trees  was 
generally  unsuccessful.  In  such  situations 
nearly  all  the  pruned  trees  had  to  be  repruned, 
and  half  of  them  were  so  heavily  infected  that 
they  had  to  be  killed. 

3.  In  pruning,  the  infected  branch  should 
be  cut  off  at  the  bole.  Although  it  may  at  first 
appear  easier  to  remove  infected  secondary  or 
tertiary  branches,  the  high  incidence  of  latent 
dwarf  mistletoe  in  the  remaining  branches 
makes  this  practice  questionable.  In  most  cases 
the  branch  has  to  be  removed  in  subsequent 
prunings. 


4.  If  large  portions  of  the  crown  are  re- 
moved by  pruning,  isolated  living  branches 
should  not  be  left.  Even  though  dwarf  mistletoe 
may  not  be  apparent  in  such  branches,  they 
almost  invariably  harbor  incipient  infections. 
Where  it  is  possible  to  do  so  without  removing 
too  many  branches,  pruning  for  two  or  three 
whorls  above  the  highest  visible  mistletoe 
should  eliminate  many  latent  infections  and 
thus  save  a  considerable  amount  of  time  in 
subsequent  sanitations. 

5.  Primability  of  branches  is  related  to 
branch  diameter.  The  rule  applied  in* the  early 
work  — that  trees  with  infections  within  18 
inches  of  the  main  stem  (later  reduced  to  12 
inches)  were  not  considered  to  be  prunable  — 
has  been  found  to  be  too  restrictive.  Extent  of 
the  endophytic  (or  root)  system  of  ponderosa 
pine  dwarf  mistletoe  is  now  known  to  be  as 
follows  (Hawksworth  and  Andrews  1965): 


Branch  diameter 
at  bole 

Under  1  inch 

1  to  2  inches 

2  to  3  inches 

3  to  4  inches 


Minimum  safe  distance 

from  bole  to  closest  shoots 

(Inches) 

6 

8 
10 
12 


This  guide  need  not  be  followed  if  the  bole 
diameter  at  the  infected  branch  is  8  inches  or 
more  (see  suggestion  number  6). 

6.  Not  all  trees  with  bole  infections  need 
be  killed.  The  original  guides  suggested  that 
trees  larger  than  12  inches  in  diameter  did  not 
need  to  be  killed  merely  because  they  had  in- 
fections in  the  main  stem.  This  was  based  on 
the  observation  that  infections  on  the  boles  of 
large  trees  are  usually  not  vigorous,  and  there- 
fore are  negligible  sources  of  infection  to 
surrounding  trees.  Research  is  now  underway 
to  determine  more  precisely  the  relationship 
between  diameter  and  vigor  of  bole  infections. 
We  tentatively  suggest,  however,  that  trees  with 
infections  on  the  bole,  where  the  diameter  at 
the  point  of  infection  is  over  8  inches,  offer 
very  little  threat  to  surrounding  trees  and  need 
not  be  sacrificed. 

7.  Pruning  heavily  infected  trees  will  pro- 
long their  life.  We  made  a  small  study  to  deter- 
mine the  extent  to  which  heavily  infected  trees 
would  recover  if  the  infected  branches  were 
pruned  out.  These  heavily  infected  trees  were 
usually  of  infection  class  4  or  even  5,  and 
would  have  been  killed  in  accordance  with  the 
marking  rules  for  the  rest  of  the  control  area. 
A  series  of  45  trees  were  pruned  in  1950.  Many 
of  these  were  so  severely  infected  that  the  tops 
of  the  crowns  were  thin  and  off-color  due  to 
the  effects  of  the  parasite.  The  results  (figs. 
9-10)    show   that   such  trees  can  recover,  even 
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Figure  9.— 
Increased  vigor  of  o   17-inch  d.b.h.  black- 
jock  tree   1  1    years  after  removal  of  dwarf 
mistletoe-infected  branches: 

A,  June  1950,  before  pruning; 

B,  June  1952,  after  pruning; 

C.September  1961. 

Note  the  difference  in  crown  density  and 
needle  length  between  A  and  C. 
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Figure  10.— 
Increased  vigor  of  a  32-inch  d.b.h.  mature 
ponderosa   pine    1 1    years   after  removal 
of  dwarf  mistletoe-infected  brancfies: 

A,  May  1950,  before  pruning; 

B,  June  1952,  after  pruning; 

C,  September  1  961 . 

Note  the  difference  in  crown  density  and 
needle  length  between  A  and  C. 
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though  dwarf  mistletoe  is  not  necessarily 
eliminated  from  them.  By  removing  the  lower 
infected  branches  which  are  seriously  reducing 
the  vitality  of  the  tree,  the  life  span  of  the  tree 
can  be  prolonged  considerably.  While  such 
di'astic  pruning  is  not  recommended  as  a  routine 
control  measure,  it  can  be  used  to  lengthen  the 
life  of  particularly  valuable  or  needed  trees. 
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Abstract 


A  simulation  model  specifically  designed  to  determine  the 
probable  hydrologic  changes  resulting  from  watershed  management 
in  the  Colorado  subalpine  zone  is  described.  The  model  simulates  the 
total  water  balance  on  a  continuous  year-round  basis  and  compiles 
the  results  from  individual  hydrologic  response  units  into  a  "com- 
posite overview"  of  an  entire  drainage  basin.  Preliminary  results  are 
summarized  for  an  8-year  test  period  on  a  667-acre  experimental 
watershed. 

Oxford:  116.21:11681.3.  Keywords:  Computer  models,  coniferous 
forest,  forest  management,  model  studies,  simulation  analysis, 
snowmelt,  subalpine  hydrology,  vegetation  effects,  watershed 
management. 
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Hydrologic  Simulation  Model  of 
Colorado  Subalpine  Forest 

Charles  F.  Leaf  and  Glen  E.  Brink 


Leaf  and  Brink  (1973)  have  previously 
described  a  model  for  simulating  snowmelt  in 
central  Colorado  subalpine  watersheds. 
Snowmelt  over  an  area  is  described  in  terms  of 
combinations  of  aspect,  slope,  elevation,  and 
forest  cover  composition  and  density. 

The  hydrologic  model  described  in  this 
report  is  an  expanded  version  of  the  snowmelt 
model.  The  model  has  been  programed  for  the 
CDC  6400  computer  at  Colorado  State  Univer- 
sity. It  is  designed  to  simulate  the  total  water 
balance  on  a  continuous,  year-round  basis,  and 
to  compile  the  results  from  individual 
hydrologic  subunits  into  a  "composite  over- 
view" of  an  entire  watershed.  The  model  has 
been  designed  to  simulate  watershed  manage- 
ment practices  and  their  resultant  effects  on  the 


behavior  of  hydrologic  systems.  The  model 
consists  of  (1)  a  "core"  which  performs  the 
actual  simulation,  and  (2)  peripheral  routines 
which  specify  hydrologic  subunit  parameters, 
obtain  the  input  data,  maintain  continuity 
between  simulation  intervals,  and  output  the 
results. 

Figure  1  schematically  shows  the 
general  flow  of  the  model.  Detailed  flow  chart 
descriptions  of  the  water  balance  routines  and 
pertinent  hydrologic  theory  are  presented  in 
this  report.  Those  routines  which  were  incor- 
porated from  the  snowmelt  model  without 
significant  changes  are  not  discussed  here. 
Complete  descriptions  of  the  unrevised  routines 
are  given  in  Leaf  and  Brink  (1973).  The  routines 
which  were  taken  from  the  snowmelt  model  and 
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altered  for  compatibility  with  the  water 
balance  model  are  indicated  by  an  asterisk  (*) 
in  the  following  tabulation. 

Discussed  in  this  report 

WATBAL* 

CANVAP 

SNOWVAP 

EVTRAN 

RADBAL* 

SNOWED* 


Discussed  in  Leaf  and  Brink  (1973) 

AFFECTS 

CALIN 

CALOSS 

DIFMOD 

GETREF  (now  PACKREF) 

LINK 

MIXTURE 

RAINED 

Subroutine  WATBAL  (fig.2) 

Subroutine  AFFECTS  from  the 
snowmelt  model  (Leaf  and  Brink  1973)  was 
expanded  to  include  the  decisions  relating  to 
evapotranspiration,  and  was  renamed  WAT- 
BAL. WATBAL  is  the  primary  routine  in  the 
water  balance  model.  It  receives  input  on  a 
daily  basis,  the  subunit  parameters,  and  all 
state  variables  computed  by  the  peripheral 
routines.  (The  only  links  between  WATBAL 
and  the  peripheral  routines  are  common  block 
/WATRBAL/  and  the  formal  parameters  pass- 
ed at  the  time  of  the  call.) 

Precipitation 

Precipitation  (if  any)  is  classified  as 
discussed  in  AFFECTS  (Leaf  and  Brink  1973), 
and  the  degree  to  which  it  affects  the  energy 
balance  is  calculated. 


Figure  2.  —  Subroutine  WATBAL. 


Evapotranspiration 

Morton  (1971)  points  out  that  "the 
relationship  between  potential  evaporation 
and  regional  (actual)  evaporation  includes  the 
effects  of  hydrologic  and  climatologic  feed- 
back." The  feedback  includes  moisture  supply 
and  the  thermal  and  moisture  characteristics  of 
the  overlying  air,  which  are  influenced  by  the 
actual  evapotranspiration.  This  interaction  in 
turn  has  a  significant  influence  on  the  energy 
available  for  evapotranspiration. 

These  interactions  have  also  been  taken 
into  account  by  Bouchet  (1963),  who  argued 
that  changes  in  regional  and  potential  evapora- 
tion due  to  changes  in  regional  moisture  supply 
are  complementary.  If  the  potential 
evapotranspiration  (ET)  is  computed  from 
regional  climatological  observations  and  utiliz- 
ed in  this  concept,  the  regional  (actual) 
evapotranspiration,  which  is  a  product  of  com- 
plex climatic,  soil  moisture,  and  vegetative 
processes  may  be  estimated. 

Of  the  several  empirical  methods 
available  for  computing  potential 
evapotranspiration,    the    one    developed    by 
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Hamon  (1961)  appears  to  give  the  best  results 
(Stephens  and  Stewart  1963,  Russell  and 
Boggess  1964,  Takhar  and  Rudge  1970). 
Hamon  formulated  the  expression: 


Eh  =   CD2p^ 


[1] 


for     computing     average     potential 
evapotranspiration,  Ej^   (inches/day),  for  each 
month  of  the  year 
where 

D    =  possible  sunshine  in  units  of  12  hours, 
P^  =  The  saturated  water  vapor  density  (ab- 
solute   humidity)    at    the    daily    mean 
temperature  in  grams  per  cubic  meter, 
and 
C    =  a  coefficient  (0.0055  according  to  Hamon). 

Hamon's  equation  requires  only  latitude,  con- 
verted to  day  length  (adjusted  for  slope  and 
aspect),  and  mean  temperature,  converted  to 
saturation  vapor  density,  for  computing 
monthly  Ej^. 

Equation  [1]  predicts  the  "average" 
evapotranspiration.  In  the  Colorado  subalpine 
zone,  this  average  is  less  than  half  the  amount 
that  could  occur  under  conditions  of  unlimited 
energy  supply,  assumed  herein  as  potential 
solar  radiation.  Accordingly,  the  coefficient  C 
in  equation  [1]  was  empirically  adjusted  up- 
ward to  obtain  an  expression  for  potential 
evapotranspiration  under  maximum  solar  in- 
put: 


Em  =   C'D2Pt 


[2] 


where  C  is  the  adjusted  coefficient.  The  daily 
potential  evapotranspiration  for  each  of  12 
months  as  derived  by  equation  [2]  is  supplied  as 
a  set  of  parameters  for  each  hydrologic  subunit. 
To  adjust  maximum  daily  evapo- 
transpiration for  available  energy,  the  values 
determined  by  equation  [2]  were  modified  ac- 
cording to  the  expression 


P      m 


[3] 


where 

Eg  =  evapotranspiration  adjusted  for  available 

energy  in  inches/day, 
SW  =  the  observed  daily  shortwave  radiation  in 

langleys, 
P     =  potential  shortwave  radiation  for  the  day 

as  computed  by  Frank  and  Lee  (1966). 


In  the  water  balance  routines,  the  ad- 
justed evapotranspiration  as  derived  above  is 
then  redefined,  depending  on  the  source,  as 
selected  by  the  following  sequence: 

1.  If  snow  is  intercepted  on  the  forest  canopy, 
evaporation  occurs  exclusively  from  that 
source  and  is  computed  by  subroutine  CAN- 
VAP. 

2.  If  the  canopy  is  free  of  snow,  the  next  step  in 
the  source  selection  is  to  determine  if  losses 
result  from  evapotranspiration  (see  sub- 
routine EVTRAN)  or  evaporation  from  the 
snowpack  surface  (see  subroutine  SNOW- 
VAP).  If  evaporation  is  from  the  snow  sur- 
face or  from  intercepted  snow,  control  then 
passes  to  the  radiation  balance  routines.  If  a 
snowpack  exists,  the  radiation  routines 
generate  any  possible  melt  for  input; 
otherwise,  the  only  input  that  can  result  is 
from  a  rain  event.  Subroutine  EVTRAN 
then  calculates  the  evapotranspiration  re- 
quirements, which  are  taken  first  from  the 
input  and,  if  not  satisfied,  from  the  soil 
mantle  storage. 


The  various  methods  of  computing 
evaporation  and  transpiration  are  discussed  in 
the  descriptions  of  the  subroutines  named 
above. 

Once  the  evapotranspiration  re- 
quirements have  been  satisfied,  any  remaining 
input,  either  from  snowmelt  or  rainfall,  is  used 
to  satisfy  the  soil  mantle  recharge  re- 
quirements (see  subroutine  EVTRAN).  When 
field  capacity  is  reached,  the  excess  input  is 
considered  to  be  water  available  for  streamflow 
(generated  runoff). 


As  explained  later  in  this  report,  sub- 
routine RADBAL  includes  a  phase  indicator 
that  determines  which  of  two  methods  is  to  be 
used  to  compute  the  effects  of  the  radiation 
balance.  When  the  seasonal  snowpack  is  com- 
pletely melted,  the  phase  indicator  is  reset  to 
the  "accumulation  phase."  It  remains  at  that 
setting  until  certain  conditions  specified  in 
subroutine  RADBAL  are  met;  it  then  returns  to 
the  "melt  phase"  setting.  Upon  completion  of 
the  water  balance  calculations,  WATBAL 
returns  the  results  and  the  new  values  for  the 
state  variables  to  the  calling  routine.  Here,  they 
are  weighted  according  to  the  percent  of  the 
total  area  occupied  by  the  various  hydrologic 
subunits.  These  weighted  values  are  then 
summed  to  generate  the  watershed  composite. 


Subroutine  CANVAP  (fig.  3) 

Hoover  and  Leaf  (1967),  Hoover  (1969), 
and  Hoover  (in  press),'  have  discussed  the 
process  and  significance  of  interception  loss  in 
central  Colorado  subalpine  forests.  Field 
studies  indicate  that  mechanical  removal  of 
intercepted  snow  by  wind  is  an  important 
phenomenon.  Accordingly,  wind  effects  were 
considered  in  the  snow  interception  subroutine. 

In  developing  this  portion  of  the  model, 
the  following  assumptions  were  made: 


tion  of  forest  cover  density,  C^,  and 
evapotranspiration  is  adjusted  for  available 
energy  (equation  3)  as  follows: 


V     = 
c 


^^s 


[6] 


where 

Vq  =  intercepted  snow  evaporation  in  inches, 

Cd     >     0 


1.  The  amount  of  snow  intercepted  varies  ac- 
cording to  forest  cover  type  and  density; 

2.  The  intercepted  snow  rests  on  the  canopy  for 
only  1  day  following  the  day  of  the  snow 
event  because  turbulent  winds  remove  the 
snow  from  the  crowns;  and 

3.  The  residual  intercepted  snow  which  is  not 
vaporized  after  1  day  is  added  to  the  snow- 
pack. 

The  amount  of  snow  intercepted  by  spruce-fir 
was  assumed  to  vary  as 
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dmx 


where 

?±f  =  water  equivalent  of  intercepted  snow 
in  inches 
■^s  =  water  equivalent  input  which  occurs 
as  snow  in  inches, 
Cdmx  =  natural  forest  cover  density,  expressed 
as  a  decimal,  and 
C(j  =  reduced    forest    cover    density,    as    a 
decimal. 

Interception  in  lodgepole  pine  is  given  by  the 
equation 

C, 
P.      =  0.10  TT-^—     I  [5] 

"P  ^dmx  ^ 

The  assumed  maximum  amounts  of  snow  in- 
terception are  0.2  and  0.3  inch  for  lodgepole 
pine  and  spruce-fir,  respectively.  Snowfall  in- 
puts which  exceed  the  above  values  are  added 
to  the  snowpack. 

Vaporization    of   intercepted   snow   on 
foliage  surfaces  is  assumed  to  vary  as  a  func- 


Hoouer,  Marvin  D.  Snow  interception  and  redistribu- 
tion in  the  forest.  Third  Int.  Seminar  for  Hydrol.  Professors 
[Purdue  Univ.,  Lafayette,  Ind.,  July  1971]  (in  press). 


Figure  3.  —  Subroutine  CANVAP. 


If  equation  [6]  yields  a  value  which  is  less  than 
the  water  equivalent  of  the  intercepted  snow, 
that  water  equivalent  is  merely  reduced  to 
satisfy  the  evaporation  requirement,  V^. 
However,  if  equation  [6]  indicates  a  greater 
value  than  the  intercepted  water  equivalent,  V^, 
is  reduced  to  the  point  where  the  requirement  is 
satisfied  by  the  water  equivalent  of  the  snow, 
which  is  completely  vaporized  from  the  canopy. 

Subroutine  SNOWVAP  (fig.  4) 

During  conditions  when  the  canopy  is 
free  of  snow,  that  is,  when  time  since  the 
beginning  of  the  last  snowfall  event  is  greater 
than  2  days,  it  is  assumed  that  evaporation 
from  the  snowpack  beneath  the  trees,  V  ,  takes 
place  according  to  the  relation 


V„  =   (1  - 


^d> 


[7] 


when 

C(j  =  0(a  forest  opening), 

Vs  =  Es 
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Figure  4.  —  Subroutine  SNOWVAP. 


dense  forest  cover  would  proceed  at  rates  given 
by  equation  [3]  until  the  soil  water  is  depleted  to 
50  percent  of  field  capacity.  Thereafter, 
transpiration  is  decreased  in  proportion  to  the 
amount  of  available  soil  water  below  one-half 
of  field  capacity.  In  open  cutover  areas,  it  was 
reasoned  that  the  absence  of  dense  vegetation 
would  enable  transpiration  to  proceed  at  rates 
given  by  equation  [3]  only  when  soil  is  at  field 
capacity.  In  the  model,  it  was  assumed  that  the 
available  soil  water  (mantle  storage)  is  5.3 
inches  in  both  the  forest  and  open,  based  on  an 
assumed  average  rooting  depth  of  4  feet,  and  a 
"wilting  point"  and  "field  capacity"  of  4  per- 
cent and  15  percent  by  volume,  respectively. 
Thus,  equation  [3]  was  expanded  to  obtain 
"actual"  evapotranspiration  in  the  forest,  E^, 
and  in  the  open,  E^^,  during  the  growing 
season  as  follows: 


Subroutine  EVTRAN  (fig.  5) 

Available  Soil  Water  Correction 

There  has  been  some  work  with  crops 
and  forest  ecosystems  to  indicate  that 
transpiration  decreases  as  available  water 
decreases  (Denmead  and  Shaw  1962,  Cowan 
1965,  Swanson  1967,  Swanson  1969).  Accord- 
ingly, equation  [3]  was  further  adjusted  to 
account  for  available  soil  water.  Denmead  and 
Shaw  (1962)  point  out  that,  in  porous  soils,  the 
decline  should  not  be  pronounced  until  most  of 
the  "available  water"  is  removed.  Because 
subalpine  soils  are  coarse  textured  (Retzer. 
1962),  it  was  assumed  that  transpiration  of 
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For  Open: 


E        =    (1  -  R^)    (0.755M  -   3)    (E   )    [8a] 
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where 

M  =  "available"  mantle  storage.  When  M  ex- 
ceeds 5.3  and  2.65  inches  in  the  open  and 
forest,  respectively,  evapotranspiration  is 
computed  by  equation  [3],  and 

Rj  =  reflectivity  of  the  forest  stand  or  open  area 
as  discussed  below. 
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Figure  5.  —  Subroutine  EVTRAN. 


Radiation  Balance  and 
Evapotranspiration  According  to 
Forest  Cover  Density 


Baumgartner  (1967)  and  Tajchman 
(1971)  have  reported  that  evapotranspiration 
from  coniferous  forests  is  greater  than  from 
open  land,  although  Tajchman  reported 
smaller  differences  between  forest  and  open 
land  than  did  Baumgartner.  Both 
Baumgartner  and  Tajchman  discussed  the 
differences  in  evapotranspiration  from  various 
cover  types  in  terms  of  the  differing  energy 
balances.  In  presenting  an  analysis  of  the 
radiation  balance  and  associated  vapor  loss, 
Baumgartner  (1967)  pointed  out  that  "the  only 
pertinent  variations  with  regard  to  the  latent 
heat  flux  are  those  associated  with 
reflectivity  ..."  Accordingly,  a  relationship 


was  derived  between  reflectivity  and  forest 
cover  density  (Leaf  and  Brink  1973)  to  index  the 
reduction  of  evapotranspiration  as  forest  cover 
is  removed.  For  lack  of  any  field  data,  the 
following  tentative  relationships  were  assum- 
ed: 


R     =   0.5  - 


0.75   C 


dmx 


[9] 


where 

Rf  =  the  reflectivity  of  the  forest  stand, 
C^XDX.    ~  natural  forest  cover  density,  expressed 
as  a  decimal,  and 
Cd  =  reduced    forest    cover    density,    as    a 
decimal. 


Equation  [9]  only  applies  when  C     <_ 


dmx 
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,the  reflectivity  is  given  by 
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[10] 


The  relationship  given  by  equations  [9]  and  [10] 
is  plotted  in  figure  6.  Note  that  when  cover 
density  Cd  =  Cdrnx*  Rf  =0.1,  whereas  when 
Cd  =0,  Rf  =  0.5.  These  values  qualitatively 
agree  with  values  given  by  Baumgartner 
(1967),  who  summarized  variations  of  absorp- 
tion coefficient  for  several  cover  types,  and 
Burroughs  (1971),  who  developed  a  shortwave 
reflectivity  model  for  lodgepole  pine  forest 
which  accounts  for  varying  stand 
characteristics  and  season  of  the  year. 
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Figure  6.  —  Assumed  variation  of  reflectivity  (Rf ) 
as  a  function  of  forest  canopy  density(C  .). 


Seasonal  Course  of  Transpiration 

Swanson  (1967)  observed  that  transpira- 
tion can  occur  early  in  the  snowmelt  runoff 
season  when  there  is  still  considerable  snow 
cover.  At  the  Fraser  Experimental  Forest,  dur- 
ing the  first  week  in  May  1965,  he  observed  a 
sharp  upturn  in  sap  flow  when  the  snow  cover 
still  held  an  average  of  more  than  5  inches  of 
residual  water  equivalent.  Accordingly,  a 
threshold  water  equivalent  was  assumed  in  the 
model  after  which  evapotranspiration  is  allow- 
ed to  occur.  This  threshold  is  tentatively  es- 
timated to  be  5  inches.  Evapotranspiration  is 
computed  by  equations  [8]  or  [8a]  above,  and 
varies  according  to  available  energy.  Eg, 
available  mantle  storage,  M,  and  reflectivity, 
Rf ,  all  of  which  have  been  discussed  previously. 

Once  the  evapotranspiration  re- 
quirements have  been  established  by  the  above 
adjustments,  they  are  satisfied  first  from  the 
input  and  then  from  the  soil  mantle  storage.  If 
the  requirements  would  deplete  storage  below 
the  wilting  point,  however,  all  values  are  ad- 
justed to  cause  evapotranspiration  to  cease  at 
that  point. 

During  the  winter,  evapotranspiration  is 
computed  by  equations  [8]  or  [8a],  provided  the 
forest  canopy  is  free  of  snow  and  the  snowpack 
water  equivalent  is  less  than  the  critical  5 
inches.  When  the  snowpack  exceeds  5  inches, 
only  evaporation  from  intercepted  snow  and 
from  the  snow  surface  takes  place. 

Subroutine  RADBAL  (fig.  7) 

This  routine  is  essentially  identical  to 
the  routine  by  the  same  name  in  the  snowmelt 
model  (Leaf  and  Brink  1973).  The  only 
changes  necessary  were  to  modify  the 
calculations  for  year-round  processing. 
Hence,  the  modification  in  RADBAL  consists 
of  a  phase  switch,  which  indicates  optional 
methods  of  computing  the  radiation  balance. 

During  the  fall  and  winter  before  the 
diffusion  model  achieves  mathematical 
stability  (Leaf  and  Brink  1973),  only 
shortwave  radiation  is  used  to  compute 
snowmelt.  Therefore,  the  only  cold  content  in 
the  snowpack  results  from  newly  fallen  snow. 
(To  insure  snowpack  accumulation  during 
this  phase,  snowmelt  is  not  "allowed"  to  take 
place  on  days  when  the  mean  air  temperature 
is  below  0°  C).  Once  the  snowpack  depth  is 
sufficient  for  diffusion  model  stability  (4.7 
inches  of  water  equivalent),  the  phase  switch 
is  reset  to  compute  snowmelt  according  to  the 
snowmelt  simulation  model  (Leaf  and  Brink 


1973).  In  other  words,  when  the  snowpack 
reaches  the  specified  depth  in  the  early 
winter,  the  switch  is  set  to  "melt  when  ready." 
The  snowpack  will  continue  to  accumulate  in 
this  phase  until  the  normal  all-wave  radiation 
balance  produces  snowmelt.  The  switch  is 
reset  to  the  snow  accumulation  phase  at  the 
end  of  the  snowmelt  season  (when  snowpack 
water  equivalent  is  zero). 
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Figure  7.  —  Subroutine  RADBAL. 


Subroutine  SNOWED  (fig.  8) 

The  only  difference  between  this  routine 
and  its  counterpart  in  the  snowmelt  model 
(Leaf  and  Brink  1973)  is  the  inclusion  of 
interception  calculations.  The  amount  of 
snow  intercepted  on  a  given  day  is  computed 
ias  a  percentage,  which  is  determined  by  the 
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Figure  8.  —  Subroutine  SNOWED. 


vegetation  type  as  discussed  in  subroutine 
CANVAP.  The  total  amount  which  may  re- 
main on  the  canopy  after  several  consecutive 
snow  events  is  also  determined  by  vegetation 
type. 


Peripheral  Routines 

The  peripheral  routines  are  not  flow- 
charted  or  discussed  in  detail  on  an  individual 
basis,  since  they  are  primarily  utility  routines 
for  input,  output,  and  maintenance  of  con- 
tinuity between  simulation  intervals.  Sub- 
routines GENDATA,  RADCOMP,  and 
RDMSTR  are  all  concerned  with  input,  and 
use  various  analyses  to  generate  the  daily 
input  for  each  substation  from  observed  base 
station  data.  Subroutines  ETCODE  and 
PLOTTER  are  output  routines  which  aid  in 
the  interpretation  of  results. 

All  of  the  above  routines  are  utilized  on 
each  run  of  the  model,  but  to  save  time  and 
core,  most  output  options  are  included  as 
overlays,  only  one  of  which  is  selected  at  a 


time  to  occupy  core  and  process  the  data. 
Each  overlay  consists  of  a  control  routine,  a 
normal  simulation  routine,  a  write  routine, 
and  any  watershed  management  alternative 
simulation  routines  that  may  be  needed. 

A  complete  listing  of  the  model  describ- 
ed in  this  report  is  included  in  the  appendix. 


Applications 

We  have  used  the  hydrologic  model  to 
simulate  area  snowmelt  and  water  yield  from 
the  667-acre  Deadhorse  Creek  watershed  at 
the  Fraser  Experimental  Forest  (Leaf  1971; 
Leaf  and  Brink  1972,  1973).  Physical 
characteristics  of  this  watershed  vary  from 
low-elevation  (9,300  ft.  m.s.l.)  south  slopes  in 
lodgepole  pine  forest  to  high-elevation  (11,000 
ft.)  north  slopes  in  spruce-fir.  Simulations 
from  10  subunits  on  the  basin  were  weighted 
according  to  the  percentage  of  the  total  area 
each  represents  to  generate  the  watershed 
composite.  Each  subunit  was  selected  accord- 
ing to  torest  cover  type  and  density,    slope, 


aspect,  and  average  elevation.  Simulations  of 
the  1963-70  water  years  (October  1  to 
September  30)  indicate  to  us  that  the  model 
represents  the  inherent  hydrologic 
characteristics  of  Colorado  subalpine 
watersheds.  Sample  output  in  the  form  of  10- 
day  summations  for  the  1967  water  year  is 
shown  in  table  1.  Figure  9  summarizes  10-day 
fluctuations  of  several  hydrologic  variables 
for  the  1965  water  year.  Figure  10  compares 
simulated  and  observed  annual  water  yields 
from  Deadhorse  Creek  for  the  1964-71  record 
period. 

We  have  predicted  the  change  in  rate 
and  seasonal  time  distribution  of  snowmelt 
resulting  from  clearcutting  small  openings  in 
old-growth  forest  with  the  snowmelt  portion 
of  the  model  (Leaf  and  Brink  1972).  With  the 
increased  water  balance  simulation  capabili- 
ty, we  plan  to  develop  the  model  into  a  useful 
tool  for  predicting  the  hydrologic  conse- 
quences of  several  resource  management 
practices.  In  the  Colorado  subalpine  zone, 
these  include  weather  modification  and 
timber  harvesting. 
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Figure  9.  —  Simulated   10-day  fluctuations  of  several  hydrologic  components  during 
the1965   water   year   on    Deadhorse   Creek,  Fraser  Experimental  Forest. 
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Figure  10.  —  Simulated  versus  observed  annual 
runoff  on  Deadhorse  Creek,  1964-71. 
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Appendix  I:  Routines  for  Water  Balance  Model 


Program  WBMODEL 


OVERLAY  (0L»1fS,0,0) 

PROGRAH  KBHOOEL  ( I NPUI . OUTPUT , PLOTS . TAPES' I NPUT , T»PE6  =  0UTPur , 
I  T«PEll-PLOTSI 

C THIS  IS  THE  CONTROLLING  ROUTINE  FOR  THE  H4TER  BALANCE  MODEL.   THE 

C MODEL  IS  OVERLAYED  TO  SAVE  TIHE  AND  MEMORY.  THE  CORE  OF  THE  MODEL 

C IS  SUBROUTINE  MATBAl  AND  ITS  RELATED  ROUTINES.  ALL  OF  THESE,  PLUS 

C SEVERAL  I/O  ROUTINES  WHICH  HAVE  NO  OPTIONS.  ARE  INCLUDED  IN  THIS 

C MAIN  OVERLAY  SO  THFY  ARE  AVAILABLE  TO  THE  OVERLAYS  WHICH  ARE 

C SELECTED  BY  OPTION.   THE  FIRST  OVERLAY  LOADED  ESTABLISHES  THE 

C WATERSHED  DESCRIPTORS  AND  PARAMETERS  AND  INDICATES  THE  OVERLAYS 

C XO  BE  SELECTED  ACCORDING  TO  THE  OUTPUT  OPTIONS.   THE  NEXT  OVERLAY 

C TO  BE  LOADED  WILL  CONTAIN  THE  OUTPUT  ROUTINE  SELECTED  AND  ITS 

C NORMAL  SIMULATION  ROUTINE.   IT  WILL  THEN  LOAD  ONE  OF  ITS 

C SECONDARY  OVERLAYS  WHICH  WILL  CONTAIN  THE  MAIN  OPERATING  PROGRAM 

C FOR  THIS  RUN  AND  ANY  ALTERNATIVES  THAT  ARE  TO  BE  INCLUDED. 

C 

C THE  CORE  OF  THE  MODEL  (SUBROUTINE  WATBAL,  ET  AL I  IS  DESIGNED  TO 

C FUNCTION  AS  AN  INDEPENDENT  UNIT,  TOTALLY  UNCONCERNED  WITH  I/O  AND 

C MAINTENANCE   OF  CONTINUOUS  OR  STATIC  CONDITIONS.    THE  ONLY  LINKS 

C WITH  THE  OPERATING  PROGRAM,  ITS  ALTERNATIVES  AND  I/O  ROUTINES, 

C ARE  THE  FORMAL  PARAMETERS  AND  COMMON  BLOCK  /WATRBAL/.   EACH 

C ROUTINE  WHICH  UTILIZES  THE  CORE  MUSI  MAINIAIN  ITS  OWN  SET  OF 

C CONTINUOUS  CONDITIONS  AND  MAKE  THEM  AVAILABLE  AT  THE  PROPER  TIME 

C FOR  USE  BY  THE  CORE.   THE  BLANK  COMMON  AND  LABELLED  COMMON  BLOCKS 

C ESTABLISHED  HERE  IN  THE  MAIN  OVERLAY  ARE  PRIMARILY  FOR  THE  USE  OF 

(; ihE  normal  SIMULATION  ROUTINE.   THEREFORE,  SIMILAR  LOCATIONS  MUST 

C BE  SET  ASIDE  FOR  MAINTENANCE   BY  any  AND  ALL  ALTERNATIVES. 

COMMON  AIRTEMCI25,6I 

COMMON  CALDEF 1251 ,CDMAX125I ,COVDENI25  1 

COMMON  0READy(25I 

COMMON  ENGBAL(25),ET,ETDAILY(25, 12) 

COMMON  FREEWATI25) 

COMMON  I SOIhRMI2S,201 

COMMON  LASTUSD(25I ,LEVELI.LEVEL2 

COMMON  MMDO 

COMMON  NDAYSN0(25).N0I¥SeL,NSUB.NrEARS 

COMMON  ONTREE5I25) 

COMMON  PEAKPPT(25,20I.PEAKWEI25,20),PHASEI25I,POTENT(2'.I, 
I    .    PRewE0VI25l 

COMMON  RECHRG(25) 

COMMON  SIMTEM1(25,31,SUBI0I25,61,SLPASPI25,24] 

COMMON  TCOEFFI251 , THRSHLDI 25) , TOPLOTI 11) 

COMMON  VEGTYPE(251 

COMMON  WEIGHT(25I,WSHEDIDI61 

COMMON  YEARS120I ,YYMMOD 

INTEGER  OREADY 

INTEGER  PHASE 

INTEGER  SUBIO 

INTEGER    TOPLOT 

INTEGER  VEGTYPE 

INTEGER  WSHEDIO 

INTEGER  YEARS, YYMMDD 

COMMON/CMPSIT0/COMPS(l6l,YRTOT(5) 

COMMON/MASTER/ DATE (3  I. TMXMSTR.TMNMSTR.PPTMSTR.PPTONOW.OBSHYDR, 
1  POIRAD,MSTREOF,IYR 

INTEGER  DATE 

C0MM0N/WATRBAL/ETFROM,EVAP0TR,GENR0,PRECIP,RADIN,RA0LWN,RAOSWN, 
1  TEMPMAX,TEMPMIN,WAtERIN 

DATA  C0MPS,YRT0T/21«0.0/ 

DATA    IYR,mSIRE0F/1 ,0/ 

CALL    OVERLAY     l5H0LAYS.l,0l 

CALL  Overlay  (5holays,leveli,oi 

C FILE  -plots-  is  COPIED  To  -OUTPUT-  BY  A  STANDARD  MONITOR  COPY 

END 


Subroutine  WATBAL 


SUBROUTINE  WATBAL  IF  l,F2.F3, 1 1 ,F4,F5, 12, I  3 
1  F12,F13.I5I 

C THIS  SUBROUTINE  IS  THE  MAIN  ROUTINE  OF  THE 

C RECEIVES  THE  DRIVING,  STATIC  AND  CONTINUOU 

C OPERATING  ROUTINES,  CONTROLS  THE  COMPUTATI 

C RETURNS  THE  NEW  VALUES  FOR  THE  CONTINUOUS 

C RESULTS  OF  THIS  INTERVAL.   SEE  THE  REPLACE 

C FOR  THE  VARIABLE  DEFINITIONS  OF  THE  PARAME 

C 

C MCTIONARY    OF    WATER    BALANCE    COMMON    BLOCKS 

C 

C      AVETEMC  -  THE  MEAN  TEMPERATURE  FOR  THE  INTE 

C      BASTEMF  -  BASE  TEMPERATURE  DEGREFS  FARENHEI 

C      CALDEF  -  THE  CALORIE  DEFICIT  IS  THE  NUMBER 

C  TO  BRING  THE  SNOWPACK  TEMPERAT 

C  CENTIGRADE  (NOTE  SHOULD  BE  MAD 

C  QUANTITY) 

C      COVDEN  -  THE  COVER  DENSITY  IS  THE  FRACTION 

C  SURFACE  SHADED  FROM  DIRECT  SUNi 

C      DREADY  •  0,  DIFFUSION  MODEL  (SUBROUTINE  DIF 

C  =-1,  DIFFUSION  MODEL  INITIALIZED  AND 

C  TEMPERATURE  SIMULATION 

C  -  -I,  DIFFUSION  MODEL  MAY  NOT  BE  USE 

C      ENGBAL  -  THE  TOTAL  CALORIC  INPUT  TO  OR  LOSS 

C  DURING  AN  INTERVAL.   IT  IS  THE 

C  ENERGY  INVOLVED  WITH  THE  PRcCl 

C  THE  RADIATION  BALANCE 

C      ENGBAL 1  -  THE  VALUE  OF  -ENGBAL-  AT  THE  END 

C       ETFROM  •  1,  EVAPORATION  IS  FROM  THE  CANOPY 

c  .2,  Evaporation  is  from  the  surface 

C  »  *,  evapotranSpiration  is  from  snow 

C  SOIL    MANTLE    STORAGE 


F6,l*,F7,F8,F9,F10,fll, 

WATER  BALANCE  MODEL.  II 

VARIABLES  FROM  THE 
ONS  ON  THEM,  AND 
VARIABLES  AND  THE 
MENT  STATEMENTS  BELOW 
TERS 


RVAL  IN  DEGREES  C 
r,  RAIN  TURNS  TO  SNOW 
OF  CALORIES  NEEDED 
URE  TO  ZERO  DEGREES 

THAT  IT  IS  A  POSITIVE 

OF  THE  GROUND  OR  SNOW 
LIGHT  OR  RADIATION 
MOD)  NOT  INITIALIZED 
READY  FOR  SNOWPACK 


FROM  THE  SNOWPACK 
ALGEBRAIC  SUM  OF  THE 
PITATION  AND  THAT  OF 

OF  THE  LAST  INTERVAL 

OF  THE  SNOWPACK 
MELT,  RAIN  OR  THE 


PRECIP  ■ 
PREHEOV 
RADIN  - 
RADLWN  • 


RECHRG 
SIMTEMl 


evapotr  -  WHEN  First  received,  this  variable  is  the  potential 

EVAPOTRANSPIRATION  AS  COMPUTED  BY  THE  HAMON  METHOD 
AND  ADJUSTED  FOR  AVAILABLE  RADIATION.   AFTER  ACTION 
IS  TAKEN  BY  THE  WATER  BALANCE  ROUTINES,  THE  ORIGIViAL 
VALUE  HAS  BEEN  ADJUSTED  FURTHER  BY  THE  METHODS 
DISCUSSFD  IN  SUBROUTINES  CANVAP,  EVTRAN,  AND  SNOMVAP. 
IT  THEN  REPRESENTS  THE  EVAPOTRANSPIRATION  DURING  THIS 
INTERVAL 
FREEWAT  -  THE  FREE  WATER  BEING  HELD  BY  THE  SNOWPACK 
LASTUSO  -  AN  INDICATOR  USED  IN  FUNCTION  PACKREF  TO  DETERMINE 

WHICH  REFLECTIVITY  FUNCTION  T()  USE 
NDAYSNO  -  THE  NUMBER  OF  DAYS  SINCE  NEW  SNOW  HAS  FALLEN 
ONTREES  -  THE  VOLUME  OF  INTERCEPTED  SNOW  REMAINING  ON  THE  CANOPY 
PHASE  =  -1,  THE  SNOWPACK  HAS  BARELY  ACCUMULATED  TO  THE  POINT  WHERE 
THE  DIFFUSION  MODEL  IS  STABLE  AND  NAY  BE  USED  TO 
CONTROL  THE  SNOWPACK  TEMPERATURE 
=    0,    THE  SNOWPACK  IS  ACCUMULATING  AND  HAS  NOT  YET  REACHED 
A  DEPTH  WHICH  WILL  PROVIDE  STABILITY  FOR  THE 
DIFFUSION  MODEL 
=  1,  THE  SNOWPACK  HAS  REACHED  A  SUFFICIENT  DEPTH  TO  ALLOW 
THE  DIFFUSION  MODEL  TO  CONTROL  THE  PACK  TEMPERATURE 
UNTIL  THE  MELT  SEASON,  WHEN  THE  RADIATION  ROUTINES 
RESUME  CONTROL  TO  GOVERN  THE  MELT  PHASE 
OBSERVED  PRECIPITATION  IN  INCHES 

-  PREDICTED  WATER  EQUIVALENT  OF  THE  SNOWPACK  IN  INCHES 
RADIATION  IN  IS  THF  TOTAL  INCIDENT  SHORT  WAVE  RADIATION 

NET  LONG  WAVE  RADIATION  IS  THE  ALGEBRAIC  SUM  OF  THE  LONG 
WAVE  RADIATION  FROM  THE  FOREST  AND  THE  LONG  WAVE 
RADIATION  LOST  BY  THE  SNOWPACK  TO  THE  CANOPY 

THE  CALORIC  INPUT  TO  THE  PACK  BY  THE  NET  SHORT  WAVE 
RADIATION 

THE  RECHARGE  REQUIREMENTS,  OR  SOIL  MANTLE  STORAGE  DEFICIT 

-  AN  ARRAY  USED  PRIMARILY  IN  SUBROUTINE  DIFMOD  IN  THE 
SIMULATION  OF  THE  AVERAGE  SNOWPACK  TEMPERATURE. 
TO  INSURE  STABILITY  OF  THE  DIFFUSION  MODEL,  THE 
DAY  IS  PARTITIONED  INTO  12  HOUR  INTERVALS,  AS 
DISCUSSED  IN  SUBROUTINE  DIFMOD.   THIS  ARRAY  STORES 
THE  CONDITIONS  PRESENT  DURING  THIS  INTERVAL  FOR  USE 
IN  THE  SIMULATION  ON  THE  NEXT  INTERVAL.   LOCATION  1 
STORES  THE  AVERAGE  AIR  TEMPERATURE  (ASSUMED  TO  BE 
The  SURFACE  TEMPERATURE  OF  THE  SNOwPACKl,  LOCATION  2 
IS  THE  SNOWPACK  TEMPERATURE  AT  A  NODE  MIDWAY 
BETWEEN  THE  SURFACE  AND  THE  GROUND,  AND  LOCATION  3  IS 
THE  GROUND  TEMPERATURE. 

TCOEFF  -  THE  TRANSMI SI  V I T Y  COEFFICIENT  USED  TO  ESTIMATE  THE  NET 
SHORT  WAVE  RADIATION  REACHING  THE  SNOWPACK.   SEE 
REIFSNYOER  AND  LULL,  RADIANT  ENERGY  IN  RELATION  TO 
FORESTS,  USES  TECH.  BUL  134'^,  1965. 

TEMPMAX  -  THE  MAXIMUM  TEMPERATURE  DURING  THE  INTERVAL  IN  DEGREES 
FARENHEIT  ' 

TEMPMIN  -  THE  MINIMUM  TEMPERATURE  DURING  THE  INTERVAL  IN  DEGREES 
FARENHEIT 

THRSHLD  -  THE  THRESHOLD  TEMPERATURE  FOR  DETERMINING  WHETHER  OR  NOT 
TO  RE-INITIALIZE  THE  REFLECTIVITY  FUNCTION  WHEN 
C  THERE  IS  A  SNOW  EVE  IT.    IF  THE  MAXIMUM  TEMPERATURE  IS 

C  GREATER  THAN  THE  THRESHOLD  VALUE  DO  NOT  RE- IN  I T I AL  I ZE 

c  THE  Function  regardless  of  the  precipitation 

c     waterin  -  THE  sum  of  any  snowmelt  and  any  rain  which  provides 

C  direct  input  to  the  water  BALANCE 

C 

COMMON /ONLYCOR/  AVE T EMC , BASTEMF , CALDEF , COM  AX , COVDEN, OREADY , ENGBAL , 

1  ENGB AL 1, F REEW AT, LASTUSD, NDAYSNO, ONTREES, PHASE, PRE  WE OV, RECHRG, 

2  SIMTEMl 13) , SI MTEM3, TCOEFF, THRSHLD,VEGTYPE 
INTEGER  DREADY, PHaSF ,VEGTYPE 

common/watrbal/etfroh,evapotr,genro,precip,radin,radlwn,raoswn, 
1  tempmax, tempmin, waterin 

DATA  A vETEMC, BASTEMF ,C ALDEF .CDMAX , COVDEN, ORE ADY , ENGBAL , ENGBAL 1 , 

1  FREE WAT.L AS IUSD,NDAYSN0,ONTREES, PHASE, PREWEOV, RECHRG, S IMTEMl, 

2  SI MTEM3, TCOEFF, THRSHLD, VEGTYPE/0.0, 35.0,3»0.0,0,2»-l.0,0.0,2«0, 

3  0.0,0.6»0.0,1.0,0.0,l/ 

C OBTAIN  THE  STATION  DESCRIPTORS 

COVDEN  =  F3 

CDMAX  =  F2 

TCOEFF  =  F12 

VEGTYPE  =  15 

C RECALL  THE  CONTINUOUS  VARIABLES  NECESSARY  FOR  THE  OPERATION  OF  THE 

C MODEL  DURING  THIS  INTERVAL 

CALDEF  =  Fl 

DREADY  =  II 

ENGBALl  =  F* 

FREEWAT  =  F5 

LASTUSD  =  12 

NDAYSNO  =  I  3  »  1 

ONTREES  =  F5 

PHASE  =  I* 

PREWEQV  =  FT 

RECHRG  =  F8 

THRSHLD  ■=  F13 

IFIDREADYI  20,20,10 
10  SIMTEMKl)  =  F9 

SIMTeMl(2l  =  FIO 

SIMTEM1(3)    =    Fll 

C AVETEMC    '    ( ((TEMPMAX-32)»(TEHPMIN-32I )/2)«(5/9) 

20  AVETEMC  =  (TEMPMAX  »  TEMPMIN  -  6«.0)  •  0.2777777778 
C START  THE  ENERGY  BALANCE  AND  THE  INPUT  AT  ZERO  FOR  THIS  INTERVAL 

ENGBAL  "    0.0 

WATERIN  =  0.0 

C IF  THERE  IS  NO  PRECIP,  THERE  IS  NO  NEED  TO  PASS  THROUGH  THE 

C CLASSIFICATION  STATEMENTS 

IF(PRECIP)  90,90,30 
C SEE  IF  THE  PRECIP  IS  ALL  SNOW 


12 


30  IFIieMPMIN.LE.32.0.QR.TEMPH»X.LT.BASTEHF)  GO  TO  80 

C SEE  IF  ANY  OF  IT  IS  SNOH 

IF(TEMPMIN  -  BASTEHFl  'lO.^O.'iO 
<.0  CALL  MIXTURE 
GO  TO  10 

C THIS  IS  A  RAIN  EVENT.    IF  THERE  IS  NO  PACK,  THE  RAIN  IS  DIRECT 

C INPUT  TO  THE  WATER  BALANCE.   BUT  IF  THERE  IS  A  PACK,  DETERMINE 

C THE  EFFECTS  OF  THE  RAIN 

50  IFIPREHEQVI  60,60,70 
60  HATERIN  =  PRECIP 

GO  TO  160 
70  CALL  RAINED  ( A VE TEMC , PREC I P ) 
GO  TO  90 

C THIS  IS  A  SNOW  EVENT 

BO  CALL  SNOWED  (AMINl  ( AVE TEMC . 0.0 1 , PREC I P 1 

C IF  THERE  IS  SNOW  ON  THE  TREES,  EVAPORATE  ONLY  FROM  THE  CANOPY 

90  IFIONTREESI  130,130.100 
100  CALL  CANVAP 

C ON  THE  FIRST  DAY  AFTER  FRESH  SNOW,  ASSUME  TURBULENCE  HAS  REMOVED 

C ANY  REMAINING  INTERCEPTED  SNOW  AND  ADDED  IT  TO  THE  PACK 

IF(NDAYSNO  -  1)  120,110.110 
110  PREWEOV  =  PREwEQV  ♦  ONTREES 
ONTREES  =  0.0 

C IF  THERE  IS  NO  SNOWPACK,  BYPASS  THE  RADIATION  ROUTINES 

120  IFIPREWEOVI  190.190.180 

C DETERMINE  WHETHER  TO  SATISFY  THE  E V APOTRANSP IR AT  I  ON  REQUIREMENTS 

C UNDER  GROWING  SEASON  OR  WINTER  CONDITIONS 

130  IFIPREwEQVI  160.160.140 

140  IFIPREWEQV  -  5.0)  150,150,170 

C USE  THE  GROWING  SEASON  ROUTINES  TO  INCLUDE  TRANSPIRATION 

150  CALL  RAOBAL 

C ADD  -WATERIN-  TO  THE  RECHARGE  REQUIREMENTS  SO  THE  ET  ROUTINE  CAN 

C OPERATE  ON  THE  INPUT  AS  WELL  AS  THE  STORAGE 

160  RECHRG  =  RECHRG  »  WATERIN 
CALL  EVTRAN 
60  TO  200 

C— • USE  THE  WINTER  ROUTINES  TO  EVAPORATE  FROM  THE  SNOWPACK  SURFACE 

170  CALL  SNOWVAP 
180  CALL  RADBAL 

C ADD  -WATERIN-  TO  THE  RECHARGE  REQUIREMENTS 

190  RECHRG  »  RECHRG  «  HATERIN 

C IF  THE  RECHARGE  REQUIREMENTS  WERE  SATISFIED,  THE  EXCESS  IS 

C CONSIDERED  TO  BE  GENERATED  RUNOFF 

200  IFIRECHRGl  220,220.210 
210  GENRO  -    RECHRG 
F8  =  0.0 
GO  TO  230 
220  GENRO  =  0.0 
F8  =  RECHRG 
230  II  =  DREAOY 
Fl  »  CALOEF 
F4  -  ENG8AL 
F5  =  FREEWAT 

12  =  LASTUSD 

13  =  NDAYSNO 
F6  =  ONTREES 
F7  =  PREWEOV 

C WHEN  THE  PACK  IS  GONE,  RESET  THE  PHASE  INDICATOR 

IFIPREWEOVI  240,240,250 
240  14  =  0 

RETURN 
250  14  =  PHASE 

IFIDREADY)  270,270,260 
260  F9  =  SIMTEMll  1) 

FIO  =  SIMTEMl 12) 

Fll  .  S1MTEM1(3) 
270  RETURN 

END 


Subroutine  CALIN 

SUBROUTINE  CALIN  (CALORIN) 

C THIS  SUBROUTINE  COMPUTES  THE  EFFECTS  OF  THE 

C SNOWPACK 

C       HOLDCAP  -  THE  FREE  WATER  HOLDING  CAPACITY  0 
C  I  ASSUMED  TO  BE  FOUR  PERCENT  OF 

C 

COMMON /ONLYCOR/  AVE  TEMCBASTEMF,  CALOEF,  COM  a: 

1  ENGB  ALL  FREE  WAT,  LASTUSD,  NDAYSNO,  ONTREES,PH, 

2  SIMTEM1(3> ,SIMTEM3.TC0eFF.THRSHLD,VEGTYPE 
INTEGER  DREAOY, PHASE. VEGTYPE 
COHMON/WATRBAL/ETFROM.EVAPOTR.GENRO.PRECIP, 

I  TEMPMAX,TEMPHIN, WATERIN 
C ADD  THESE  CALORIES  INTO  THE  ENERGY  BALANCE 

ENGBAL  -    ENGBAL  ♦  CALORIN 
C SEE  IF  A  CALORIE  DEFICIT  EXISTS  IN  THE  PACK 

COMPARE  =  CALORIN  -  CALOEF 

IF(COMPARE)  10,20,30 

C THERE  IS  A  CALORIE  DEFICIT,  BUT  THE  INPUT  D 

C WIPE  IT  OUT.   ALL  OTHER  CONDITIONS  ARE  UNC 

10  CALOEF  =  -  COMPARE 

RETURN 

C THE    CALORIE    DEFICIT    WAS    WIPED    OUT,     BUT    ALL 

C UNCHANGED 

20    CALOEF    =    0.0 

RETURN 

C ANY    DEFICIT    WHICH    DID    EXIST    WAS    WIPED    OUT. 

C MELT    FROM    THE    REMAINING   CALORIES    ICALORIES 

30    POTMELT    =    COMPARE/203.2 

CALOEF    =    0.0 

C IF  THE  INPUT  WAS  ENOUGH  TO  MELT  THE  WHOLE 

C WATER  EQUIVALENT  TO  THE  SNOWMELT  AND  ZERO 

IF(POTHELT.LT.PREWEQV-FREEWAT)  GO  TO  40 

WATERIN  =  WATERIN  ♦  PREWEQV 

PREWEQV  -    0.0 


CALORIC  INPUT  ON  THE 


F  THE  SNOWPACK 
THE  WATER  EQUIVALENT! 


X.COVDEN, DREAOY, ENGBAL 
ASE, PREWEQV, RECHRG, 


RADIN,RADLWN.RAOSWN. 


ID  NOT  COMPLETELY 
HANGED 


OTHER  CONDITIONS  ARE 


COMPUTE  THE  POTENTIAL 
/I90.0  •  2.54) I 


ACK,  CONTRIBUTE  THE 
ALL  CONDITIONS 


FREEWAT  =  0.0 

RETURN 

C DEPLETE  THE  ICE  PACK  BY  THE  AMOUNT  MELTED  AND  CONTRIBUTE  THAT 

C AMOUNT  TO  THE  FREE  WATER 

40  FREEWAT  =  FREEWAT  ♦  POTMELT 

C COMPUTE  THE  NEW  HOLDING  CAPACITY  OF  THE  PACK  AND  COMPARE  IT  WITH 

C THE  FREE  WATER  TO  SEE  IF  SNOWMELT  IS  PRODUCED 

HOLOCAP  =  0.04  »  (PREWEOV  -  FREEWAT) 

COMPARE  =  FREEWAT  -  HOLDCAP 

IFICOMPARE.LE.0.0)  RETURN 

C THE  SNOWMELT  CONTRIBUTED  IS  IN  -COMPARE-.   REDUCE  THE  FREE  WATER 

C TO  LEAVE  A  PRIMED  PACK  AND  REDUCE  THE  PREDICTED  WATER  EQUIVALENT 

PREWEOV  =  PREWEQV  -  COMPARE 

WATERIN  =  WATERIN  ♦  COMPARE 

FREEWAT  =  HOLDCAP 

RETURN 

END 


Subroutine  CALOSS 


SUBROUTINE  CALOSS  (CALOUTI 

C THIS  SUBROUTINE  COMPUTES  THE  EFFECTS  OF  THE  CALORIC  LOSS  ON  THE 

C SNOWPACK 

COMMON /ONLYCOR/  AVE TEMC , BAST EMF , CALOEF , COM AX , COVDEN, DREAOY, ENGBAL . 

1  ENGBALl, FREE  WAT, LASTUSD, NDAYSNO, ONTREES, PHASE, PREWEOV, RECHRG, 

2  S1MTEM1I3),SIMTEH3,TC0EFF,THRSHLD,VEGTYPE 
INTEGER  DREAOY, PHASE, VEGTYPE 
COMMON/WATRBAL/ETFROM,EVAPOTR,GENRO,PRECIP,RAOIN,RAOLWN,RADSWN, 

1  TEMPMAX,TEHPMIN, WATERIN 
C ADD  ALGEBRAICALLY  THESE  CALORIES  INTO  THE  ENERGY  BALANCE 

ENGBAL  =  ENGBAL  ♦  CALOUT 

C SEE  IF  THERE  IS  ANY  FREE  WATER  IN  THE  PACK.   IF  NOT,  THE  LOSS  IS 

C JUST  CONTRIBUTED  TO  THE  CALORIC  DEFICIT  OF  THE  SNOWPACK. 

C REMEMBER  THAT  -CALOUT-  IS  NEGATIVE 

IF(FREEWAT.GT.O..O)  GO  TO  10 

CALOEF  =  CALOEF  -  CALOUT 

RETURN 

C COMPUTE  THE  CALORIC  LOSS  NECESSARY  TO  FREEZE  ALL  OF  THE  FREE  WATER 

C (FREE  WATER  •  80.0  •  2.54) 

10  CALNEEO  =  FREEWAT  •  203.2 

C NOW  COMPARE  THAT  NECESSARY  LOSS  WITH  THE  ACTUAL  LOSS.   IF  THEY  ARE 

[ THE  SAME,  THE  FREE  WATER  IS  WIPED  OUT  BUT  NO  OTHER  CONDITIONS  ARE 

C ALTERED 

COMPARE  =  CALOUT  ♦  CALNEEO 

|F(COMPAREI  20,30,40 

C THE  LOSS  WAS  MORE  THAN  ENOUGH  TO  FREEZE  IT.   THE  BALANCE  CREATES 

C AN  ENERGY  DEFICIT  IN  THE  PACK  AND  THE  FREE  WATER  IS  WIPED  OUT 

20  CALOEF  =  -  COMPARE 
30  FREEWAT  =  0.0 

RETURN 

C ONLY  PART  OF  THE  FREE  WATER  FROZE.   COMPUTE  THE  BALANCE  REMAINING 

C BALANCE  =  EXISTING  FREE  WATER  -  AMOUNT  FROZEN,  WHERE 

C AMOUNT  FROZEN  =  CALORI ES/ 1  80.0  •  2.54) 

40  FREEWAT  »  FREEWAT  *  (C ALOUT/203.2 I 

RETURN 

END 


Subroutine  CANVAP 


SUBROUTINE  CANVAP 

C COMPUTE  THE  EVAPORATION  FROM  THE  INTERCEPTED  SNOW  AS  A  FUNCTION  OF 

C THE  CANOPY  COVER  DENSITY 

COMMON /ONLYCOR/  AVE TEMC . BASTEMF , CALOEF ,CDMAX,COVDEN,DREAOY,ENCBAL , 

1  ENGBALl, FREE  WAT, LASTUSD, NDAYSNO, ONTREES, PHASE, PREWEOV, RECHRG. 

2  SIMTEMIO)  ,SIMTEM3,TC0EFF,THRSHLD,  VEGTYPE 
INTEGER  DREAOY. PHASE, VEGTYPE 

COMMON /W ATR B AL /ETF ROM. EVAPOTR. GENRO. PREC I  P. RAOIN.R AOL WN.R ADS WN, 
1  TEHPMAX.TEHPMIN. WATERIN 

ETFROM  =  1.0 

EVAPOTR  -  EVAPOTR/COVDEN 

ONTREES  "    ONTREES  -  EVAPOTR 

IF(ONTREESI  10.20.20 
10  EVAPOTR  =  ONTREES  ♦  EVAPOTR 

ONTREES  =  0.0 
20  RETURN 

END 

Subroutine  DIFMOD 

SUBROUTINE  DIFMOD 

C THIS  SUBROUTINE  WAS  DERIVED  FROM  PROGRAM  SIMTEM.  A  SNOWPACK 

C TEMPERATURE  DIFFUSION  MODEL  DEVELOPED  BY  LEAF  (1970  STUDY  PLAN 

C FS-RM-1602.  NO.  224.  RMF»RES1.   USING  THE  AVERAGE  SURFACE  TEMP 

C AND  THE  GROUND  TEMP  AS  BOUNDARY  CONDITIONS,  THE  NEW  AVERAGE 

C SNOWPACK  TEMPERATURE  IS  CALCULATED 

COMMON /ONLYCOR/  AVE TEMC , BASTEMF .CALOEF , COM AX . COVOEN, DREAOY, ENGBAL  , 

1  ENGBALl, FREE WAT, LASTUSD, NDAYSNO, ONTREES, PHASE, PREWEQV, RECHRG, 

2  SIMTEM1(3) , SI MTEM3,TC0EFF,THRSHL0, VEGTYPE 
INTEGER  DREAOY, PHASE, VEGTYPE 

C OMMON/ WAT RB AL /ETF ROM, EVAPOTR, GENRO, PREC IP, RAO  I N,R AOL WN,RADSWN, 
1  TEMPMAX.TEMPMIN, WATERIN 


C DICTIONARY 

C 

C      CONSTl  -  THE  FIRST  CONSTANT  IN  THE  EQUATION  FDR  THE  SIMULATION 
C      C0NST2  -  THE  SECOND  CONSTANT  IN  THE  EQUATION  FOR  THE  SIMULATION 
C      H  -  THE  DISTANCE  BETWEEN  NODES  (CORRESPONDS  TO  THE  -H-  IN  THE 
C  STUDY  PLAN) 

C COMPUTE  THE  DENSITY  OF  THE  SNOWPACK  (THE  FUNCTION  WAS  DERIVED  FROM 

C OBSERVED  CONDITIONS  ON  THE  ERASER  EXPERIMENTAL  FOREST) 

DENSITY  =  (EXP(I0.0179  •  PREWEQV)  ♦  3.0211/100.0 
C COMPUTE  THE  DISTANCE  BETWEEN  THE  TWO  NODES  IN  CENTIMETERS 
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C DEPTH    >    PREMEQV/OENSITY 

C H    >    (OePIH/2l»2.5* 

H  '    (PREHE0V/O6NSITYI  •  1.27 

c The  Thermal  diffusivity  is  c»lcui»ted  from  the  function 

C KV  •  0. 01/(12. T^l  -  DENSITY)*  0.48I.   MATHEMATICAL  STABILITY 

C REQUIRES  THAT  THE  VALUE  OF  THE  QUANTITY  (INTERVAL   IN  SECONDS  • 

C KV/H»»2I  BE  LESS  THAN  0.5.   WHEN  A  2^  HOUR  INTERVAL  IS  USEO,  IHE 

t SNOW  DEPTH  MUST  EXCEED  30  INCHES  120  PERCENT  DENSITY!  TO  ACHIEVE 

C STABILITY.    IN  ORDER  TO  INSURE  STABILITY  WITH  SOMEWHAT  SHALLOWER 

C PACKS  (ABOUT  18  INCHESI,  THE  DAY  IS  DIVIDED  INTO  2  TIME  INTERVALS 

C OF  12  HOURS  1*3200  SECONDS) 

C CONSTl  ■  («3200  •  0.01/((2.751  -  DENSITY!  »  0.«e)l/H««2 

CONSTl  =.  900.0/1(2.751  -  DENS  1  TY  > 'H'H  ) 

C THE  MINIMUM  MATER  EQUIVALENT  WHICH  WILL  ACHIEVE  STABILITY  USING 

C THE  ABOVE  DENSITY  FUNCTION  IS  <..7  INCHES 

IFICONSTl  -  0.5)  2O1IO.IO 

C THE  MODEL  IS  UNSTABLE  -  INDICATE  THAT  IT  IS  NOT  READY  FOR  USE  NOW. 

C I  IT  MAY  BE  INITIALIZED  AGAIN  BY  AN  OBSERVED  PACK  TEMPERATURE  CARD 

C AND  STABILITY  WILL  BE  ASCERTAINED  FROM  THE  WATER  EQUIVALENT  AT 

C THAT  TIME) 

10  OREADY  »  0 
RETURN 
C GET  THE  SECOND  CONSTANT 

20  C0NST2  =  1.0  -  CONSTl  -  CONSTl 

C PERFORM  THE  SIMULATION  IN  TWO  PARTS  (ONE  FOR  EACH  12  HOUR  PERIOD!. 

C -SIMTEMl-  HOLDS  THE  THREE  TEMPERATURES  FROM  THE  PREVIOUS  INTERVAL 

C THAT  ARE  NEEDED  TO  SIMULATE  SIMTEM2.  THE  NODE  AT  THE  CENTER  OF 

c The  pack,  simulate  the  first  12  hours  now 

SIMTEM2  =  (CONSTl  •  (SIMTEMUl)  •  SIMTEMl(3)l!  »  IC0NST2  •  SIMTEMl 
1(2)  ) 

C THE  AVERAGE  SNOWPACK  TEMPERATURE  IS  THE  AVERAGE  OF  THE  2  NODES 

C (MIDDLE  AND  GROUND)  IN  BOTH  INTERVALS.   GROUND  TEMPERATURE  IS 

c CONSTANT,  SO  Start  the  average  now 

SIMTEM3  =  SImTEM1(3I  ♦  S|MrEMl(3l  ♦  SIMTEM2 

C RESET  -SIMTEMl-  TO  The  TEMPERATURES  OF  THE  INTERVAL  JUST  SIMULATED 

Q FOR  USE  IN  THE  SECOND  12  HOUR  INTERVAL  SIMULATION.   THE  SURFACE 

C AIR  TEMPERATURE  IS  SPLIT  INTO  A  LOW  AVERAGE  (  (ME4N»MlNI/2  !  AND 

C A  HIGH  AVERAGE  (   (MEAN«MAX!/2  !  FUR  USE  WITH  THE  TWELVE  HOUR 

C INTERVALS.   USE  THE  LOW  AVERAGE  NOW 

SIMTEMllli  =  AMINl  (0.0, ( (  (TEMPMIN-32.01»0.5555555556!«AVETEMC 1/ 
I  2.0! 
SIMTEM112)  =  SIMTEM2 

C SIMULATE  THE  SECOND  12  HOURS  AND  COMPUTE  IHE  AVERAGE  SNOwPACK 

C- TEMPERATURE 

S1MTEM2  =  (CONSTl  •  (SIMTEMKl)  »  SIMTEMl(3)!)  ♦  (C0NST2  »  SIMTEMl 
1(2)1 
SIMIE«3  =  (SIMTEM3  ♦  SIMTEM2)/4.0 

C RESET  -SIMTEMl-  USING  THE  HIGH  AVERAGE  FOR  USE  ON  THE  FIRST 

C INTERVAL  OF  THE  NEXT  DAY 

SIMTEMKl!  =  AMINl  (  0.  0  ,  (  (  (  TEMPMAX-32  .0  ! 'O  .5555555S56  ]  ♦  AVE  I  EMC  )  / 
1  2.0) 
SIMTEM1I2!  =  SIMTEM2 

C CHECK  TO  SEE  IF  THE  GROUND  TEMPERATURE  SHOULD  BE  RAISED 

IFISIMTEM3  ♦  1.5)  60,«0,30 
30  IF(SImTEM3  »  0.5)  *0,50,50 
*0  IFISIMTEMl ( 3I.LT.-0.5!  SIMTEMl(3!  =  -0.5 

RETURN 
50  SIMTEMIOI  =  0.0 
60  RETURN 
END 


Subroutine  EVTRAN 


SUBROUTINE  EVTRAN 

C COMPUTE  IHE  EVAPORATION  AND  TRANSPIRATION  DURING  THE  GROWING 

C SEASON 

C 

C DICTIONARY 

C      AVABLE  -  THE  FACTOR  FOR  ADJUSTING  THE  EVAPOTRANSPI RAT  I  ON  FOR 

C  AVAILABLE  SOIL  WATER 

C      CANREF  -  THE  FACTOR  FOR  ADJUSTING  THE  EVAPOTRANSP IRAT ION 

C  FOR  CANOPY  REFLECTIVITY 

C 

COMMON/ONLYCOR/  AVE TEMC , BASTEMF ,C ALOEF ,C0MAX,COVDEN, ORE ADY , ENGBAL , 

1  ENGSALl .FREE  WAT, L AS TUSD.NDAYSNO.QNTREES. PHASE, PR EWEav,RECHRG, 

2  SIMTEMl (3) ,SIMTEM3,TC0EFF,THrShLD,VEGTYPE 
INTEGER  OREADY, PHASE. VEGTYPE 
CaMMON/WATRBAL/FTFROM,EVAPOTR,CENRO,PRECIP,RADIN,RADLWN,RADSWN, 

I  TEMPMAX,TEMPMIN,WATERIN 
ETFROM  =■  «.0 

C GET  THE  ADJUSTMENT  FACTOR  FOR  AVAILABLE  SOIL  WATER.   IF  THE 

C- RECHARGE  REQUIREMENTS  ARE  SATISFIED  (I.E.,  FIELD  CAPACITY  HAS 

C BEEN  REACHED),  MAXIMIZE  THE  ADJUSTMENT  FACTOR 

IFIRECHRG!  20,20,10 
10  AVABLE  •  1.0 
GO  TO  80 

C IN  FORESTED  AREAS,  USE  THE  MAXIMIZED  FACTOR  UNTIL  THE  RECHARGE 

C REQUIREMENTS  ARE  HALF  OF  THE  FIELD  CAPACITY.   AT  THAT  POINT,  USE 

C THE  LINEAR  FUNCTION  Y  •  MX  ♦  B,  WHERE  B  -  0.0  TO  GET  THE  FACTOR 

20  IFICOVOEN)  50,50,30 
30  IFIRECHRG  •  2.65)  40,10,10 
40  AVABLE  =  0.377  •  15.}  ♦  RECHRG) 
CO  TO  80 

C IN  CLEARINGS,  ASSUME  THAT  EVAPOTRANSPIRAI ION  DECREASES  LINEARLY 

C FROM  THE  MAXIMIZED  VALUES  AT  FIELD  CAPACITY  TO  ZERO  AT 

C THREE-FOURTHS  OF  FIELD  CAPACITY 

50  lF(RECHRb  *    1.325)  70,70,60 

60  A' ABLE  =  (0.755  •  (5.3  ♦  RECHRG) )  -  3.0 

GO  TO  80 
TO  EVAPOTR  -  0.0 
RETURN 

C COMPUTE  THE  FACTOR  FOR  ADJUSTING  THE  EVAPOTRANSPIRATION  FOR  CANOPY 

C REFLECTIVITY  (PROTECT  AGAINST  DIVISION  BY  ZERO  -  JUST  DEFINE  THE 

C FACTOR  FOR  CLEARINGS  AS  THE  MINIMUM  VALUE! 


80  IFICDHAXI  40. to, 100 
10  CANREF  =  0.5 
GO  TO  130 

C COMPARE  THE  COVER  DENSITY  WITH  IHE  MAXIMUM  (CHfCK  FOR  THINNING) 

100  IFICOVOEN  -  (CDMAX/3.01)  110,110,120 

C FOR  COVER  DENSITIES  THINNED  TO  ONE-THIRD  OF  IHE  MAXIMUM  OR  LESS, 

C USE  THIS  RELATIONSHIP 

C CANREF  =  1.0  -  (0.5  -  ( ( 0. 75»CD ) /COMX ) ! 

110  CANREF  =  0.5  .  ((0.75  •  COVDENI /COMAX ! 
GO  TO  130 

C FROM  MAXIMUM  COVER  DENSITY  DOWN  TO  ONE-THIRD  OF  THAI  VALUE,  USE 

C THE  FOLLOWING  RFLAIIONSHIP 

C CANREF  =  l.O  -  (0.25  -  ( ( 0. 1 5/ I0.67»CDMX ) ) •( CD- I  0 . 33»CDMX ) ) ) I 

120  CANREF  =  0.75  •  1(0.15/(0.67  •  CDMAX ) ) • ( COVDEN  -  (0.33  •  CDMAXIII 

C PERFORM  IHE  ADJUSTMENTS 

130  EVAPOTR  =  EVAPOTR  •  AVABLE  •  CANREF 

C SEE  IF  IHE  EVAPOTRANSPIRATION  WILL  DEPLETE  IHE  MANTLE  SIOARGE 

C BELOW  IHE  WILTING  POINT.   IF  SO,  ALTER  IHE  EVAPOTRANSPIRATION 

C ACCORDINGLY 

IFIRECHRG  -  EVAPOTR  •  5.3)  140,150,150 
140  EVAPOTR  =  RECHRG  »  5.3 
RECHRG  -  -5.3 
RETURN 
150  RECHRG  -    RECHRG  -  EVAPOTR 
RETURN 
END 


Subroutine  LINK 


SUBROUTINE  LINK  (C AL AI R ,C ALOR I E , IRETURN I 

C THIS  SUBROUTINE  IS  THE  INTERFACE  BETWEEN  IHE  RADIATION  BALANCE 

C (SUBROUTINE  RAOBAL!  AND  IHE  DIFFUSION  MODEL  (SUBROUTINE  OIFMOD) 

C 

C DICTIONARY 

C 

C      CALDM  -  IHE  CALORIC  LOSS  OF  GAIN  AS  COMPUTED  BY  IHE  DIFFUSION 

C  MODEL 

C 

COMMON/ONLYCOR/  AVEIEMC , BASTEMF , CALDEF ,COMAX , COVDEN , DRC ADY, E NGBAL , 

1  ENGBAL  1,  FREE  WALL  AS  lUSD  I  NDAYSNO,ONTREES,  PHASE,  PREWEOV.RFCHRG, 

2  SIMTEM1(3),SIMTEM3, TCOEFF , THRSHLD, VEGTYPE 
INTEGER  OREADY, PHASE , VEGTYPE 

COMMON/ WATRBAL/E IF  ROM. EVAPOTR. GENRO.PRECl P. R AD IN.R AOL WN,RADSWN, 
I  lEMPHAX.IEMPMIN.WAIERIN 
C SEE  IF  THE  RADIATION  BALANCE  IS  AN  ENERGY  LOSS  OR  CAIN 

IF(CALORIE)  10,10,80 

C THERE  WAS  A  LOSS.   IF  THIS  IS  STILL  WINTER  (NO  FREE  WATER),  JUST 

C GO  AHEAD  AND  USE  THE  DIFFUSION  MODEL 

10  IFIFREEWAI)  20,20,50 

C USE  THE  DIFFUSION  MODEL  TO  SIMULATE  THE  CURRENT  AVERAGE  SNOWPACK 

C TEMPERATURE 

20  IF(DREADY.NE.l I  GO  TO  140 

CALL  DIFHOD 

IF(DREAOY)  40,40,30 

C NOW  MAKE  ANY  NECESSARY  ADJUSTMENTS  IN  IHE  RADIATION  BALANCE  TO 

Q CAUSE  THE  PACK  TEMPERATURE  TO  BE  THE  SAME  AS  -5IMIEM3-.  GET  THE 

C DIFFERENCE  BETWEEN  IHE  CALORIE  DEFICITS  AS  COMPUTED  BY  THE 

C DIFFERENT  METHODS 

30  CALOM  =  CALDEF  ♦  ISIMTEM3  •  PREWEQV  •  1.27) 

C ADJUST  IHE  LONG  WAVE  PORTION  OF  IHE  RADIATION  BALANCE  BY  IHE 

C DIFFERENCE  BETWEEN  THE  CALORIES  DERIVED  FROM  IHE  DIFFUSION  MODEL 

C AND  IHE  ENERGY  BALANCE 

CALORIE  =  CALDM 

RADLWN  =  CALORIE  -  RAOSWN 
40  IRETURN  =  0 

RETURN 

C THE  LOSS  IS  USEO  TO  FREEZE  PARI  OR  ALL  OF  THE  FREE  WATER,  BUT  IT 

C MAY  NOT  CREATE  COLD  CONTENT.   IF  IT  WOULD  CREATE  COLD  CONTENT, 

C RE-INITIALIZE  THE  DIFFUSION  MODEL  TO  0  AND  ADJUST  THE  ENERGY 

C BALANCE  ACCORDINGLY 

50  CALL  CALOSS  (CALORIE) 

IFIFREEWAI  -  0.05)  60,60,70 
60  SIMTEMKl)  =  AMINl  (  AVE  TEMC  ,  0.  0  ) 

SIMIEM1(2)  =  0.0 

SIHTEMl(3)  =  0.0 

OREADY  =  1 

C MAKE  ANY  NECESSARY  ADJUSTMENTS  TO  IHE  ENERGY  BALANCE  TO  COMPENSATE 

C FOR  IHE  COLD  CONTENT  THAI  WOULD  HAVE  BEEN  GFNFRATEO  BY  THIS  LOSS 

C AND  ZERO  THE  COLO  CONTENT 

ENGBAL  »  ENGBAL  »  CALDEF 

RADLWN  -    RAOLHN  ♦  CALOEF 

FREEWAT  =  0.0 

CALDEF  =  0.0 
70  IRETURN  =  I 

RETURN 

C THERE  IS  CALORIC  INPUT  TO  THE  PACK.   CHECK  TO  SEE  IF  CONDITIONS 

C INDICATE  THAI  THE  DIFFUSION  MODEL  SHOULD  BE  TURNED  OFF  AND  THE 

C ENERGY  BALANCE  USEO  FOR  SPRINGTIME  SIMULATION.   CONSIDER  FIRST 

C ANY  COLO  CONTENT  (INCLUDING  THAI  OF  THE  PREVIOUS  DAY  AND  ANY 

C CREATED  BY  A  SNOW  EVENT  ON  THIS  DAY!.   |F  THERE  IS  COLD  CONTENTf 

C CHECK  THE  AVERAGE  AIR  TEMPERATURE  AND  IHE  SNOwPACK  TEMPERATURE 

Q FROM  IHE  PREVIOUS  DAY  FOR  ARBITRARILY  CHOSEN  SPRINGTIME 

C CONDITIONS  AND  IF  ALL  ARE  NOT  SATISFIED,  (.0  AHEAD  AND  USE  IHE 

C DIFFUSION  MODEL 

80  IF(CALOEF)  170,170,90 

C 0.B89  =  1.27  •  0.7  DEGREES  C  (ARBITRARY  TEMP! 

90  IFI AVEIEMC. LE. 0.0. OR. CALDEF. GI.PREWEQV»0. 8891  CO  lU  20 

C SINCE  SPRINGTIME  CONDITIONS  PREVAIL,  RECOMPUTE  THE  BACK  RADIATION 

C AND  IHE  NET  RADIATION  BALANCE  (REMEMBER,  IF  THERE  IS  SNOW,  IHE 

C- LONGWAVE  IS  ASSUMED  TO  BE  ZERO,  SO  THERE  WOULD  BE  NO  NEED  lo  "««E 

C ANY  ADJUSIMENISI 

IF(NDAySNO)  140,140,100 
100  USE  =■  (lEMPMlN  -  32.0)  •  0.5555555556 

IF(USe.CT.O.O)  USE  »  0.0 
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CALSNOh  =  1 
IFIPRECIP) 
UO  RADLWN  =  (  1 
1  •  ICALAIR 
GO  TO  130 
120  RADLHN  =  CA 
130  CALORIE  =  R 

C RE-INITIALI 

C INPUT  IS  M 

C LET  IT  BRl 

C TIVE  DAYS 

1<.0  COMPARE  =  C 
IF{COMPARE I 

C INITIAL  IZE 

150  SIMTEHK  11 
SIHT6M1I21 
SIMTEMl ( 31 
SIMTEM3  =  0 
DREAOY  =  1 
GO  TO  30 

C REDEFINE  TH 

C TEMPERATUR 

C AVERAGE,  r 

C (MHICH  REM 

160  SIMTEMl (  1  I 
SIMTEM3  =  C 
SIMIEM1(2) 
SIMTEMl (3) 
DREADY  =  1 
GO  TO  30 

C THERE  IS  IN 

C THIS  ENERG 

C FREE  WATER 

C ENERGY  BAL 

170  IFIFREEMAT 
ISO  DREADY  =  0 
IRETURN  =  0 
RETURN 
END 


.17E-7  •  ((USE  ♦  273.161 

110,110.120 

1.0  -  COVDEN)  •  ( (0.757  < 

-  CALSNOH) 1 


CALAIR)  -  CALSNOWl)  ♦  (COVDEN 


CALSNOH 
RADLWN 

DIFFUSION  MODEL  TO  THESE  CONDITIONS  (BUT  IF  THE 
AN  ENOUGH  TO  WIPE  OUT  THE  CALORIE  DEFICIT,  JUST 

PACK  TO  ISOTHERMAL.    IN  THIS  WAY,  TWO  CONSECU" 
UT  ARE  REQUIRED  TO  GENERATE  FREE  WATER  1 

-  CALOEF 
50,150 
FFUSION  MODEL  TO  ISOTHERMAL  CONDITIONS 


LAIR  - 
ADSWN 
ZE  THE 
ORE  TH 
NG  THE 
Of  INP' 
ALQRIE 
160,1 
THE  01 
=  0.0 
=  0.0 
=  0.0 
.0 


SURFACE  TEMPERATURE  AND  COMPUTE  THE  NEW  AVERAGE  PACK 
THEN  COMPUTE  THE  MIDDLE  NODE  AS  A  FUNCTION  OF  THAT 
SURFACE  TEMPERATURE  AND  THE  GROUND  TEMPERATURE 
A  I  NED  UNCHANGED  I 

AMINl  lO.O.AVETEHCl 
QMPARE/(PKEWEOV  «  1.271 

13.0    •    SIMTEM31     -    SIMTEMKll    -    SIMTEMIOI 


0.0 


PUT  TO  THE  PACK  AND  THE  PACK  IS  ALREADY  ISOTHERMAL.   IF 
WILL  CREATE  AT  LEAST  0.05  INCH  (ARBITRARY  AHOUNTl  OF 
SET  THE  DIFFUSION  MODEL  TO  STANDBY  STATUS  AND  LET  THE 

ANCE  TAKE  ITS  COURSE 

•  (CALORIE/203.21  -  0.051  150,180,180 


1  .6'V,  .63.  .62,  .61.  .60/ 
DATA  REFMELT/.72,  .65,  .60,  .58,  .56,  .5*,  .52,  .50,  .48,  .' 
1  .A*,  .<.3,  .<.2,  .<.!,  .1,0/ 
PASTINT  =  NDAYSNO 
IFINOAYSNOl  80,80.10 

(_ USE  THE  SAME  FUNCTION  AS  LAST  TIME 

10  IFILASTUSOl  20,20,50 

C ACCUMULATION  PHASE  -  AFTER  15  DAYS,  USE  THE  MELT  FUNCTION 

C STARTING  AT  THE  FOURTH  DAY 

20  IFIPASTINI  -  151  30,30,40 
30  PACKREF  =  REFACUMIPASTINTl 

RETURN 
<.0  PASTINT  .  PASTINT  -  11 

C MELT  FUNCTION  -  AFTER  15  DAYS,  USE  A  CONSTANT  iiO  PERCENT 

50  IFIPASTINT  -  151  70,70,60 
60  PASTINT  -  15 
70  PACKREF  =  REFMELTIPASTINTI 
RETURN 

C THERE  IS  NEW  SNOW  -  DETERMINE  IF  THE  FUNCTION  IS  TO  BE  RE- 

C— ' INITIALIZED 

80  IFITEMPMAK  -  THRSHLOI  90,90.10 

C IT  IS,  SO  SEE  WHICH  FUNCTION  IS  TO  BE  USED 

90  IFICALDEFl  110,110,100 
100  PACKREF  =  0.91 
LASTUSD  =  0 
RETURN 

C THE  PACK  IS  ISOTHERMAL,  BUT  IF  THE  ENERGY  BALANCE  FROM  THE 

C PREVIOUS  INTERVAL  WAS  NEGATIVE,  USE  THE  ACCUMULATION  PHASE 

C FUNCTION  ANYWAY 

UO  IFIENGBALll  100,120,120 
120  PACKREF  -    0.81 
LASTUSD  =  1 

RETURN  ■  ■    ■      ' 

END 


Subroutine  RADBAL 


Subroutine  MIXTURE 


SUBROUTINE  MIXTURE 

C THIS  SUBROUTINE  CONTROLS  THE  COMPUTATIONS  FOR  A  PRECIPITATION 

C EVENT  THAT  IS  A  MIXTURE  OF  SNOW  AND  RAIN 


COMHON/ONLYCOR/  AVE T EMC , BASTEMF , CALOEF , CDMA  X , COVDEN , ORE ADY, ENGBAL , 

1  ENG8 ALU  FREE  WAT. LASTUSD. NDAYSNO, ON T REE S.PHASE.PREHEOV.RECHRG. 

2  SIMTEMl (3  1 .SIMTeM3.TC0EFF,THRSHLD.VEGTYPE 
INTEGER  DREADY. PHASE, VEGTYPE 
C0MM0N/WATRBAL/ETFROM,EVAP0TR,GENR0,PRECIP,RADIN,RADLWN,RA0SWN, 

1  TEMPMAX.TEHPMIN.WATERIN 
C DICTIONARY 


subroutine  raobal 

c this  subroutine  computes  the  radiation  balance  and  transfers 

c control  to  the  diffusion  model  if  it  is  needed 

common /onlycor/  ave tehc .bastemf .caloef , com ax .covden , dready, engbal , 

1  engbal 1 , free  wat, lastusd, ndaysno. ontrees. phase. pre weqv.rechrg, 

2  simtem1(3).s1mtem3,tc0eff,thrshl0,vegtype 
integer  dreaoy, phase, vegtype 
common/watrbal/etfrom,evapotr.genro,precip,raDin,radlwn,radswn, 

1  tempmax,tempmin,waierin 

c dictionary 


C      AMTRAIN  -  THE  AMOUNT  OF  PRECIPITATION  OCCURRING  AS  RAIN 

C      TFORAIN  -  THE  TEMPERATURE  FOR  COMPUTING  THE  DEPLETION  OF  THE  TOTAL 

C  CALORIE  DEFICIT  CAUSED  BY  THE  RAIN  (DEGREES  CI 

C      TFORSNO  -  THE  TEMPERATURE  FOR  COMPUTING  THE  CONTRIBUTION  OF  THE 

C  SNOW  TO  THE  TOTAL  CALORIE  DEFICIT  (DEGREES  CI 

C 

C COMPUTE  THE  AMOUNT  OF  PRECIPITATION  OCCURRING  AS  RAIN 

C AMOUNT  RAIN  =  P  •  ( 6/ A  1 ,  WHERE 

C p  ,  PRECIPITATION  IN  INCHES 

C B  =  DAILY  MAXIMUM  TEMPERATURE  -  BASE  TEMPERATURE  (DEGREES  Fl 

C A  =  DAILY  MAXIMUM  TEMPERATURE  -  MINIMUM  TEMPERATURE  (DEGREES  Fl 

B  =  TEMPMAX  -  BASTEMF 

A  =  TEMPMAX  -  TEMPHIN 

AMTRAIN  »  PRECIP  »  IB/Al 

i]C NOW  COMPUTE  THE  AVERAGE  TEMPERATURES  (DEGREES  CI  WHICH  PRODUCE 

lie SNOW  AND  RAIN 

I  TFORSNO  =  (TEMPMIN  •  BASTEMF  -  64.01  •  0.2777777778 
i         TFORAIN  =  (TEMPMAX  »  BASTEMF  -  64.01  •  0.2777777778 

C COMPUTE  THE  EFFECT  OF  THE  SNOW  ON  THE  SNOWPACK 

II  CALL  SNOWED  (  TFORSNO, PRECIP-AMTRAINl 

ijC COMPUTE  THE  EFFECT  OF  THAT  PORTION  OF  THE  PRECIPITATION  OCCURRING 

|C AS  RAIN  ON  THE  SNOWPACK 

ll        CALL  RAINED  (TFORAIN, AMTRAIN) 
RETURN 

I       END 


(Function  PACKREF 


FUNCTION  PACKREF  (DUMMYl 
—GET  THE  REFLECTIVITY  OF  THE  SNOWPACK 

COMMON /ONLYCOR/  AVE T EMC , BASTEMF , CALOEF ,COMAX , COVDEN , ORE ADY .ENGBAL , 

1  ENGBAL 1 ,FREEWAT,LASTUS0,NOAYSNO,0NTREES, PHASE, PRE WEOV,RECHRG, 

2  SIMTEM1(3I , SI MTEM3,TC0EFF,THRSHL0, VEGTYPE 
INTEGER  DREAOY, PHASE, VEGTYPE 

COMMON/ WATRBAL/ETFROM,EVAPOTR,GENRO,PREC I P,RAOIN, RADLWN, RAOSHN, 
1  TEMPMAX, TEMPMIN, WATERIN 


-DICTIONARY 

PASTINT  -  A  VARIABLE  SET  EOUAL  TO  -NDAYSNO-  AND  ALTERED  AS  NEEDED 
TO  CHOOSE  THE  PROPER  REFLECTIVITY  FUNCTION 

REFACUM  -  A  REFLECTIVITY  FUNCTION  FOR  THE  SNOWPACK  DURING  THE 
ACCUMULATION  PHASE  OF  THE  SNOWPACK 

REFMELI  -  A  REFLECTIVITY  FUNCTION  FOR  THE  SNOWPACK  DURING  THE 
MELT  PHASE  OF  THE  SNOWPACK 

DIMENSION  REFACUM(151 , REF MELT (151 

INTEGER  PASTINT 

DATA  REFACUM/. 80,  .77,  .75,  .72.  .70.  .69.  .68.  .67.  .66,  .65, 


C  CALAIR  -  POTENTIAL  LONGWAVE  CALORIC  INPUT  AT  AIR  TEMPERATURE 

C  CALORIE  -  CALORIES  OF  HEAT  ABSORBED  OR  RELEASED  BY  THE  SNOWPACK 

C  FROM  THE  NET  RADIATION  BALANCE 

C  CALSNOW  -  POTENTIAL  LONGWAVE  CALORIC  LOSS  AT  SNOW  TEMPERATURE 

C  SNOCAN  -  THE  LONGWAVE  RADIATION  BALANCE  BETWEEN  THE  SNOW  AND  THE 

C  CANOPY 

c     snosky  -  The  longwave  radiation  balance  between  the  snow  and  the 

C  SKY 

C COMPUTE  THE  CALORIC  INPUT  FROM  NET  SHORT  WAVE  RADIATION  AS  A 

C FUNCTION  OF  THE  SNOWPACK  REFLECTIVITY 

RADSWN  =  RADIN  •  11.0  -  PACKREF  (0.01)  •  TCOEFF 

C IF  THE  PACK  IS  ACCUMULATING,  BUT  IS  NOT  DEEP  ENOUGH  FOR  STABILITY 

(- ,M  THE  DIFFUSION  MODEL.  USE  THE  FOLLOWING  SIMPLIFIED  METHOD  FOR 

C DERIVING  THE  RADIATION  BALANCE 

IF(PHASE)  60.10.100 
10  IFIPrEWEOV  -  4.7)  20.50.50 

C USE  ONLY  THE  SHORTWAVE  INPUT  (THIS  IMPLIES  THAT  THE  ONLY  COLD 

C CONTENT  GENERATED  IN  THE  ACCUMULATING  PACK  IS  THAT  OF  NEW  SNOHI 

20  CALORIE  =  RADSWN 

RADLWN  -  0.0 

CALL  CALIN  (CALORIE) 

C IF  THE  MEAN  TEMPERATURE  WAS  LESS  THAN  OR  EOUAL  TO  0  C,  00  NOT 

C ALLOW  ANY  MELT  OR  FREE  WATER 

IF(AVETEMC)  30.30,40 
30  PREWEQV  =  PREWEQV  ♦  WATERIN 

RAOLWN  =  -ENGBAL 

ENGBAL  =  0.0 

WATERIN  =  0.0 

FREEWAT  =  0.0 

CALDEF  -  0.0 
40  RETURN 

C THE  PACK  HAS  JUST  REACHED  A  SUFFICIENT  DEPTH.   INITIALIZE  THE 

C DIFFUSION  MODEL,  BUT  RETAIN  PSEUDO-CONTROL  UNTIL  THE  DIFFUSION 

C MODEL  IS  WELL  ALONG  INTO  STABLE  CONTROL 

50  PHASE  =  -1 

DREADY  =  1 

C START  THE  PACK  AT  -3  C  (CAL  DEF  =  PACK  TEMP  •  PREWEQV  •  1.27) 

C 3.81  =  3  •  1.27 

CALDEF  =  3.81  •  PREWEOV 

RADLWN  =  -  CALOEF  -  RADSWN  -  ENGBAL     " 

ENGBAL  =  -  CALDEF 

SIMTEMKll  =  AMINl   (AVETEMCO.O) 

SIMTEM1(2)  =  -3.0  ■        ' 

SIMTEMK  31  =  -1.5 

FREEWAT  =  0.0 

RETURN 

C THE  DIFFUSION  MODEL  HAS  BEEN  INITIALIZED  PREVIOUSLY.   IF  IT  IS 

C STILL  STABLE  AND  IF  THE  PACK  IS  DEEP  ENOUGH  TO  INSURE  CONTINUED 

(; STABILITY  UNTIL  MELT,  RELINOUISH  CONTROL  COMPLETELY  TO  THE 

C NORMAL  METHOD  OF  COMPUTING  THE  RADIATION  BALANCE.  INTERFACED  WITH 

C THE  DIFFUSION  MODEL 

60  IFlDREADYl  100,70,60 

70  PHASE  =0  '  • 

GO  TO  10  .   .  ■  ■ 

80  CALORIE  =  RADSWN  .••.-. 
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CALAIR  '     0.0 
RAOLMN  '  0.0 

IFIPREmESV  -  5.0)  160,160,90 
90  PHASE  =■  1 

C USE  IHE  NORMAL  METHOD  OF  COMPUTING  THE  RADIATION  BALANCE.   IF  ANV 

C OF  THE  PRECIP  WAS  SNOH,  THE  NET  LONG  WAVE  RADIATION  BALANCE  IS 

C ASSUMED  TO  BE  ZERO 

100  IFINOArSNOI  110,110,120 
110  RAOLWN  =  0.0 
CALAIR  "    0.0 
GO  TO  150 
C JO  COMPUTE  THE  LONG  WAVE  RADIATION  COMPONENTS,  CONVERT  THE  AIR 

C AND  Snow  temperatures  to  potential  calories  by   the  siefan  - 

C BLOTZMANN  function,  calories  =  S  •  (  T  ••  <.),  WHERE 

C s  ,  1.17E-7  CAL/(  (CM»«Z1(0EGREES  KELVIN)  ••',  I  .  AND 

C T  =  ABSOLUTE  TEMPERATURE  (DECREES  KELVIN! 

120  CALAIR  "  1.171-7  •  ((AVETEMC  •  273.16)  ••  <• ) 

USE  =  AVETEMC 

C IF  THE  SNOWPACK  IS  ISOTHERMAL,  USE  THE  MINIMUM  TEMPERATURE  FOR 

C COMPUTING  THE  BACK  RADIATION 

IFICALDEF.EQ.0.0)  USE  =  (TEMPMIN  -  32.0)  •  0.5555555556 

C UNDER  NO  CIRCUMSTANCES  HAY  THE  TEMPERATURE  FOR  COMPUTING  THE  BACK 

C RADIATION  BE  GREATER  THAN  ZERO 

IF(USE.GT.O.O)  USE  =  0.0 

CALSNOW  '    1.17E-7  •  ((USE  ♦  273.16)  ••  4) 

C COMPUTE  THE  LONG  WAVE  RADIATION  COMPONENTS  AS  A  FUNCTION  OF  THE 

C FIRST,  DETERMINE  WHETHER  THE  SKIES  ARE  CLEAR  OR  CLOUDY 

IF(PRECIP)  130,130,140 

C WITH  CLEAR  SKIES,  THE  DOWNWARD  LONGWAVE  RADIATION  COEFFICIENT  IS 

C .757  (RUNOFF  FROM  SNOWMELT,  EM  1 1 10-2- 1406 ,  US  ARMY  CORPS  OF 

C ENGINEERS,  I960,  PAGE  71 

130  SNOSKY  =  11.0  -  COVOEN)  •  1(0.757  •  CALAIR)  -  CALSNOW) 

C THE  DOWNWARD  LONGWAVE  RADIATION  COEFFICIENT  IS  l.O  BENEATH  THE 

Q FOREST  CANOPY  (OR  BENEATH  CLOUDY  SKIES) 

SNOCAN  =  COVDEN  •  (CALAIR  -  CALSNOW) 

RADLWN  =  SNOCAN  ♦  SNOSKY 

GO  TO  150 

C WITH  CLOUDY  SKIES,  WHEN  THE  DOWNWARD  LONGWAVE  RADIATION  COEFFI- 

C CIENT  IS  1.0  INSTEAD  OF  .757,  THE  ABOVE  THREE  EQUATIONS  HAY  BE 

C REDUCED  ALGEBRAICALLY  TO  THE  FOLLOWING  SINGLE  EQUATION 

1*0  RAOLWN  =  CALAIR  -  CALSNOW 

C COMPUTE  THE  CALORIC  INPUT  OR  LOSS  FROM  THE  NET  EFFECT  OF  SHORT 

C WAVE  AND  LONG  WAVE  RADIATION 

150  CALORIE  =  RADSWN  ♦  RADLWN 

C THE  SNOWPACK  TEMPERATURE  DIFFUSION  MODEL  (LEAF,  1970,  STUDY  PLAN 

C FS-RM-1602,  NO.  224.   ROCKY  MOUNTAIN  FOREST  AND  RANGE  EKP  STA)  IS 

C INCORPORATED  TO  CONTROL  THE  SNOWPACK  TEMPERATURE  AND  COLD  CONTENT 

C DURING  NON-ISOTHERMAL  CONDITIONS.   SEE  NOW  IF  THE  DIFFUSION  MODEL 

C MAY  BE  USED  (DREADY  MAY  NOT  BE  -I  AND  PASS  THROUGH  LINK  SINCE  IT 

C IS  NOT  DESIGNED  TO  WORK  WITH  IT.   THE  -1  IS  USED  TO  INDICATE  THAT 

C THE  RADIATION  ROUTINES  ARE  TO  BE  USED  EXCLUSIVELY).   IF  IT  MAY  BE 

C USED,  PASS  THROUGH  THE  LINKING  ROUTINE  WHICH  INTERFACES  THE 

C DIFFUSION  MODEL  AND  THE  RADIATION  ROUTINES 

IFIDREADY)  170,160,160 
160  CALL  LINK  (CALAIR, CALORIE, IRETURN) 

IF(IRETURN)  170,170,190 
170  IF(CALORIE)  180,190,200 
180  CALL  CALOSS  (CALORIE) 
190  RETURN 
200  CALL  CALIN  (CALORIE) 

RETURN 

END 


C ALL  OF  THE  RAIN  IS  ADDED  TO  THE  FREE  WATER  AND  CONTRIBUTES  CALORIC 

C INPUT  TO  THE  PACK 

50  FREEHAT  =  FREEWAT  *  AMTRAIN 

CALL  CALIN  (TFORAIN  •  AMTRAIN  •  2.54) 

RETURN 
END 


Subroutine  RAINED 


SUBROUTINE  RAINED  I TFORA IN, AMTRAIN) 
—THIS  SUBROUTINE  COMPUTES  THE  EFFECT  OF  RAIN  ON  SNOW 

COHMON/ONLYCDR/  AVETEMC ,B AS TEMF ,C ALOE F , COM Ax , COVDEN, DREADY ,ENGBAL , 

1  ENGBALl ,FREEWAT,LASTuSD,NDAYSNO,ONTREES,PHASE,PREWEOV,RECHRG, 

2  SIMTtMU3)  ,SIMTEM3,TC0EFF  ,  THRSHLD,  Vf  GT YPE 
INTEGER  DREADY, PHASE ,VEGTYPE 
COMMON/WATReAL/ETFROM,EVAPOTR,GENRO, PRECIP, RAD  IN, RAOLWN, RADSWN, 

1  TEMPMAX, TEMPMIN, WATERIN 


C DICTIONARY 

C      AMTRAIN  -  THE  AMOUNT  OF  PRECIPITATION  OCCURRING  AS  RAIN  (INCHES) 
C      CALRAIN  -  THE  DEPLETION  OF  THE  TOTAL  CALORIE  DEFICIT  BY  THIS  RAIN 
C  (CALORIES) 

C      TFORAIN  -  THE  TEMPERATURE  FOR  COMPUTING  THE  DEPLETION  OF  THE  TOTAL 
C  CALORIE  DEFICIT  CAUSED  BY  THIS  RAIN  (DEGREES  C) 

C ADD  THIS  AMOUNT  OF  PRECIPITATION  To  THE  PREDICTED  WATER  EQUIVALENT 

PREWEOV  =  PREWEQV  ♦  AMTRAIN 

c SEE  IF  There  is  a  calorie  deficit  in  the  pack 

IF(CALOEF)  50,50,10 

C COMPUTE  THE  AMOUNT  OF  RAIN  AT  THIS  TEMPERATURE  THAT  IS  NEEDED  TO 

C WIPE  OUT  THE  DEFICIT  AND  COMPARE  IT  WITH  THE  ACTUAL  AMOUNT 

10  CALRAIN  =  (80.0  ♦  TFORAIN)  •  2.54 

AMTNEED  =  CALDEF/CALRAIN 

COMPARE  =  AMTRAIN  -  AMTNEED 

IFICOHPARE)  30,20,40 

C THERE  WAS  JUST  ENOUGH  TO  WIPE  OUT  THE  DEFICIT 

20  CAIDEF  =  0.0 

FNGBAL  '    ENGBAL  •  CALRAIN 

RETURN 

C THERE  WAS  NOT  ENOUGH  TO  WIPE  IT  OUT  COMPLETELY.   JUST  DEPLETE 

C THE  DEFICIT 

30  C^LOEF  =  CALOEF  -  (CALRAIN  •  AMTRAIN) 

ENGBAL  '    ENGBAL  •  (CALRAIN  •  AMTRAIN) 

RETURN 

C THERE  WAS  MORE  THAN  ENOUGH  TO  WIPE  OUT  THE  DEFICIT.   THE  AMOUNT 

C OF  RAIN  NOT  FROZEN  IS  FREE  WATER 

40  FREEwAT  -  COMPARE 

CALL  CALIN  I TFORAIN  •  COMPARE  *  2.54) 

RETURN 


Subroutine  SNOWED 


SUBROUTINE  SNOWED  ( TFORSNO, AMTSNOW ) 

C THIS  SUBROUTINE  COMPUTES  THE  EFFECTS  OF  A  SNOW  EVENT  ON  THE 

Q SNOWPACK 

COMMON /MASTER /DATE  13)  , THXHSTR , TMNHSTR , PPTMSTR, PPT0NOW,OBSHYDR , 
1  POTRAD,HSTREOF,IYR 

INTEGER  DATE 

COMMON /ONLYCOR/  AVE TEMC , BASTE MF ,CALDEF , COM AX , COVDEN , ORE ADY , ENGBAL , 

1  ENGBALl ,FRFFWAT,LASTUSD,NDAYSNO,ONTREES,PHASE,PREWEOV,RECHRG, 

2  SIMIEMl (3] ,SIMTEM3,IC0EFF, THRSHLD, VEGTyPE 
INTEGER    DREADY, PHASE, VEGTYPE 

COMMON/WA T RB AL /E IF  ROM, EVAP0TR,GENR0, PRECIP, RAD  IN, RADLWN, RADSWN, 
1    TEMPMAX, TEMPMIN, WATERIN 
REAL    INTRCPT 

C 

C DICTIONARY 

C 

C       AMTSNOW  -  THE  AMOUNT  OF  PRECIPITATION  OCCURRING  AS  SNOW  I  INCHES) 

C      CALSNOW  -  THE  CONTRIBUTION  OF  THIS  SNOW  TO  THE  TOTAL  CALORIE 

C  DEFICIT  (CALORIES) 

C       INTRCPT  -  THE  AMOUNT  OF  SNOW  INTERCEPTED  DURING  THIS  PRECIP  EVENT 

C       TFORSNO  -  THE  TEMPERATURE  FOR  COMPUTING  THE  CONTRIBUTION  OF  THIS 

C  SNOW  TO  THE  TOTAL  CALORIE  DEFICIT  (DEGREES  C) 

C 

C DO  NOT  ALLOW  ANY  INTERCEPTION  IN  JULY  AND  AUGUST 

IF(DATE(  1) .EQ.7.0R.DATE( 1) .E0.8)  GO  TO  10 

C DETERMINE  THE  AMOUNT  OF  INTERCEPTED  SNOW  AS  A  FUNCTION  OF  COVER 

C COMPOSITION  AND  COVER  DENSITY 

IF(COMAX)  10,10,20 
10  INTRCPT  =  0.0 

GO  TO  80 
20  IFIVEGTYPE  -  I)  30,30.40 

C LOOGFPOLE  PINE 

30  PERCENT  =  0.10 
GREATST  =  0.20 
GO  TO  50 

C SPRUCE  FIR 

40  PERCENT  »  0.15 

GREATST  =    0.30 

50  INTRCPT  =  AMTSNOW  •  PERCENT  •  I COVDEN/CDMAX ) 

IF(ONTREES  ♦  INTRCPT  -  GREATST)  70,70,60 
60  INTRCPT  =  GREATST  -  ONIREES 
70  ONTREES  «  ONTREES  ♦  INTRCPT 
80  NOAYSNO  '    0 

C ADD  THIS  AMOUNT  OF  PRECIPITATION  TO  THE  PREDICTED  WATER  FOUIVAL 

PREWEQV  I  PREWEOV  •  AMTSNOW  -  INTRCPT 

C THE  SNOW  FALLING  WHEN  THE  TEMPERATURE  IS  BETWEEN  35  AND  32  DEGR 

C DOES  NOT  ALTER  IHE  CALORIC  DEFICIT 

IF(TFORSNO.GE.O.O)  RETURN 

C COMPUTE  THE  CALORIE  DEFICIT  FOR  THIS  SNOW  BY  THE  EQUATION 

C CALORIE  DEFICIT  =  S(1)«DELTA  T»P,  WHERE 

C s(I)  =  SPECIFIC  HEAT  OF  ICE  (.5  CAL /CM/DEGREES  C), 

C DELIA  T  =  CHANGE  IN  TEMPERATURE  WITH  RESPECT  TO  FREEZING  (0.0 

C DEGREES  CENTIGRADE),  AND 

C P  =  PRECIPITATION  IN  CM  (CONVERSION  FACTOR  =  2.54  CM/rN). 

C THEREFORE,  CALORIE  DEFICIT  =  0.5  •  (TFORSNO)  •  (AMTSNOW  •  2.54 

CALL  CALOSS  (TFORSNO  ♦  (AMTSNOW  -  INTRCPT)  •  1.27) 

RETURN 

END 


ENT 
EES 


Subroutine  SNOWVAP 


SUBROUTINE  SNOWVAP 

C COMPUTE  THE  EVAPORATION  FROM  THE  SURFACE  OF  THE  SNOWPACK  AS  A 

C FUNCTION  OF  THE  COVER  DENSITY  AND  REDUCE  IHE  PACK  ACCORDINGLY 

COMMON/ONLYCOR/  AVETEMC , B AS TEMF , CALOEF , CDM AX , COVDEN , ORE ADY, ENGBAL, 

1  ENGBAL 1,FREEWAT,LASTUSO,NOAYSNO,ONTREES,PHASE,PREWEQV,RECHRG, 

2  SIMTEMI(3),SIMTEM3,TC0EFF , THRSHLD, VEGTYPE 
INTEGER  DREADY, PHASE, VEGTYPE 
COMMON/ WAT RRAL/ETFROM,EVAPOTR,GENRO, PRECIP, RAD  I N,R AOL WN,RADSWN, 

1  TEMPMAX, TEMPMIN, WATERIN 
FTFROH  =  2.0 

EVAPOTR  =  11.0  -  COVDEN)  »  EVAPOTR 
PREWEQV  -  PREWEQV  -  EVAPOTR 
RETURN 
END 


Subroutine  ETCODE 


SUBROUTINE  ETCODE  ( E TFR0M,C0MPS1 2 ) 

C KEEP  TRACK  OF  WHICH  SOURCES  WERE  USED  FOR  EVAPDTRANSPIRAT ION 

IFIETFROM  -  2.01  10,20,30 

C EVAPORATION  FROM  INTERCEPTED  SNOW  ON  CANOPY  (ETFRDM  •  1) 

10  IF(COMPS12.NE.I.O.AND.COMPS12.NE.3.0.ANO.COMPS12.NE.5.0.ANO. 
1  C0MPS12.NE.7.0)  C0MPS12  =  C0MPSI2  ♦  ETFRDM 
RETURN 

C EVAPORATION  FROM  SNOWPACK  lETFROM  =  2) 

20  IF(COMPS12.NE.2.0.AND.COMPS12.NE.3.0.AND.COMPS12.LT.6.0)  C0MPS12 
1  C0MPSI2  ♦  ETFROM 
RETURN 

C EVAPOTRANSPIRATION  FROM  MELT,  PRECIP  OR  STORAGE  (ETFROM  =  4) 

30  IF(C0MPS12.LT.4.0)  C0MPS12  "  C0MPS12  »  ETFROM 
RETURN 
END 
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Subroutine  GENDATA 

SUBROUTINE  GENDAT*  (N) 

C GENERATE  THE  DATA  FOR  THIS  SUBSTATION 

C 

C DICTIONARY 

C 

C      DD  -  THE  EXACT  POINT  IN  THE  DEGREE-DAY  TABLE  WHICH  IS  TO  BE  USED 

C  IN  THE  COMPUTATION  OF  THE  INCOMING  RADIATION 

C      ODFACT  -  THE  TABLE  OF  ADJUSTMENTS  FACTORS  FOR  COMPUTING  THE 

C  INCOMING  RADIATION 

C      DDl  -  A  REAL,  TRUNCATED  VALUE  OF  -DD-  USED  IN  INTERPOLATION 

C      £T  -  THE  ADJUSTED  POTENTIAL  EV APOTR ANSP IR AT  I  ON  (MAINTAINED  FOR 

C  THE  REDEFINITION  OF  -EVAPOTR-  BY  THE  ALTERNATIVES 

C      RADHORZ  -  THE  INCOMING  RADIATION  COMPUTED  FROM  THE  POTENTIAL  AT 

C  A  HORIZONTAL  SURFACE 

C 

COMMON  AIRTEMC(25,6I 

COMMON  CALDEF(25) .CDMAX(25I ,COVDEN(25) 

COMMON  0READY(25I 

COMMON  ENGBAL(25) ,ET,ETDAILYI25,12I 

COMMON  FREEWATI2S) 

COMMON  ISOTHRH(25,20) 

COMMON  LASTUS0I25)  .LEVELl  ,LEVEL2 

COMMON  MMDO 

COMMON  NDAYSN0I25I , NOI VSBL , NSU8 .NYE ARS 

COMMON  0NTREE5I25) 

COMMON  PEAKPPT(25,20)>PEAKHEI25,20I  .PHASE  I  2  5  I.  POTENT  I  2'.). 
1        PREHEQV(25I 

COMMON  RECHRG(25I 

COMMON  SIMTEm1(25.3I  .SUBI0(25,6I  ,SLPASP(25.2'.I 

COMMON  TC0EFFI25) . ThRShLD ( 25 ) . TOPLOT ( 111 

COMMON  VEGTYPE(25I 

COMMON  welGHTI25l .hSHEDID(6) 

COMMON     YEARS(20I .YYMMDO 

INTEGER  DREAOY 

INTEGER    PHASE 

INTEGER  SUBIO 

INTEGER  TOPLOT 

INTEGER    VEGTYPE 

INTEGER  WSHEDID 

INTEGER  YEARS, YYMMOO 

COMMON /MASTER/DA  TEHI  ,  TMXMSTR  ,  TMNMSTR  .  PPTMSTR.  PPTONOW  .  OBSHYOR. 
1  POTRAD.MSTREOF, lYR 

integer  date 
common/rad/fracton,isub 

common/watrbal/etfrom.evapotr.genro.precip.radin.raolwn.raoswn. 
1  tempmax.tempmin.haterin 
eouivalence  ( date ( 1  i  .month ) 
dimension  ddfact(26i 
data  ddfact/  .20.  .35,  .'.5. 

1  .682.  .69.  .70.  .71,  .715.  .7 

2  .73<..  .738.  .7'>2.  .7'.6.  .75/ 
C ADJUST  THE  TEMPERATURES 

IF(DATEI3)  -  671  10.20.20 
10  I  -  5 

GO  TO  30 
20  I  =  3 
30  TEMPMIN  =  AIRTEMC(N.I)  ♦  (TMNMSTR 

TEMPMAX  =  AlRTEMCIN.ll  ♦  (TMXMSTR  »  A  I RTEMC I N. 2 )  1 

IF  (TEMPMAX.GE. TEMPMIN)     GO    TO    <>0 

XXX    -     TEMPMAX 

TEMPMAX  =  TEMPMIN 

TEMPMIN  =  XXX 

COMPUTE  THE  INCOMING  RADIATION  AT  THE  BASE  STATION  FROM  THE 

POTENTIAL  BY  THE  DEGREE-DAY  METHOD 

*0  GO  TO  ( 50.50.50.50.60.70,70.70.60.50,50.501 .MONTH 


.51. 


.722, 


.59,  .62.  .6 
.72'!.  .726, 


..  .655, 

.728.  . 


AIRTEMCIN. 1*1) I 


TEMPMAX  -  15.9  ( ( 


FOR 


■OCTOBER  -  APRIL.  DEGREE  DAYS 

C SUBSCRIPTING! 

50  00  =  (0.^4  •  TEMPMAX)  -  1<..9 
GO  TO  100 

C MAY  AND  SEPTEMBER.  DEGREE  DAYS  "  .53  •  TEMPMAX  -  19.5  (♦1.0  FOR 

C SUBSCRIPTING) 

60  DO  =  (0.53  •  TEMPMAX)  -  18.5 
GO  TO  100 

C JUNE.  JULY  AND  AUGUST.  DEGREE  DAYS  =  .63  •  TEMPMAX  -  2'>.1  (♦1.0 

C FOR  SUBSCRIPTING).  EXCEPT  ON  DAYS  WITH  PRECIP.   DURING  THESE 

C MONTHS,  USE  A  CONSTANT  ^^  PERCENT  ON  PRECIP  DAYS 

70  IFIPPThSTrI  90,90,80 
80  RAOHORZ  =  POTRAD  •  0.<.« 

GO  TO  150 
90  00  =  (0.63  •  TEMPMAX)  -  23.1 

WATCH  FOR  THE  BOUNDARY  VALUES.  0,  AND  25.   (WITH  THE  1.0  ADDED 

ABOVE.  THE  SUBSCRIPTS  FOR  THE  TABULAR  VALUES  VARY  FROM  1  TO  26) 

100  IF(Dn  -  1.0)  110.110,120 

USE  THE  FIRST  TABLE  VALUE  (NO  INTERPOLATION  IS  NECESSARY) 

110  RADHORZ  =  POTRAD  »  DDFACTdl 

GO  TO  150 
120  IF(00  -  26.01  140>130,130 

USE  THE  LAST  TABLE  VALUE  (NO  INTERPOLATION  IS  NECESSARY) 

130  RAOHORZ  =  PCTRAD  »  D0FACT(26) 
GO  TO  150 

THE  SUBSCRIPT  IS  IN  THE  PROPER  RANGE.   OBTAIN  THE  INTERPOLATION 

FRACTION  AND  SUBSCRIPTS  THROUGH  TRUNCATION  OF  -DD- 

140  Jl  =  OD 
ODl  -  Jl 
J  =  Jl  ♦  I 

THE  TERM  (DO-D01)/l.O  IS  THE  INTERPOLATION  FRACTION 

RADHORZ  =  POTRAD  ♦  (DOFACTIJll  ♦  ((DOFACT(J)  -  OOFACT(Jl))  »  (00 
1  DDDI  ) 

ADJUST  THE  POTENTIAL  E V APOTRANS PI  RATI  ON  AS  COMPUTED  BY  THE  HAMON 

METHOD  FOR  AVAILABLE  RADIATION  AS  A  PERCENT  OF  POTENTIAL 

150  EVAPOTR  =  ETOAILYIN, MONTH)  •  ( RADHORZ /POTRAD I 
ET  =  EVAPOTR 
ADJUST  THE  RADIATION  AT  THE  BASE  STATION  FOR  SLOPE  AND  ASPECT 


RADIN  =  RADHORZ  •  ( SLPASPI N, I  SUB )  ♦  I  I SLP ASPI N,  I SUB^ 1  )  -  SLPASPIN, 
1  ISUB) I  »  FRACTON) ) 

ADJUST  THE  PRECIP  TO  ENSURE  REACHING  THE  PEAK  HATER  EQUIVALENT 

IF(PPTMSTR)  160,160,170 
160  PRECIP  -  0.0 

RETURN 
170  IFIPEAKPPTIN. lYR )  -  PPIONOHl  190,190,180 

180  PRECIP  =  PPTMSTR  •  (  IPEAKHEIN.IYR)  -  PREwEOV ( N I  I / I PEAKPPT I N, I YR ) 
1  -  PPTONOW) ) 
RETURN 
190  PRECIP  =  PPTMSTR 
RETURN 
END 


Subroutine  PLOTTER 


SUBROUTINE  PLOTTER 

C PLOT  THE  INFORMATION.   THE  NORMAL  SCALE  IS  20  PRINT  POSITIONS  =  1 

C INCH.  BUT  SEVERAL  OF  THE  PLOTS  HAVE  ADDITIONAL  SCALE  FACTORS  AS 

C EXPLAINED  BELOW  TO  ENHANCE  THEIR  VISIBLE  REPRESENTATIONS 

C 

C DICTIONARY 

C 

C      BOUNDL  -  THE  LOWER  BOUNDARY  FOR  VALUES  TO  BE  PLOTTED  IN  EACH  OF 

C  THE  THREE  LEVELS  (AND  THE  PSEUOO  FOURTH  LEVEL) 

c     BOUNou  -  The  upper  boundary  for  values  to  be  plotted  in  each  of 

C  THE  THREE  LEVELS  (AND  THE  PSEUOO  FOURTH  LEVELl 

C      LETTER  -  THE  ONE  DIGIT  SYMBOL  TO  BE  PLOTTED  FOR  EACH  VARIABLE. 

C  J»LL  VARIABLES  FOR  ALTERNATIVES  ARE  PLOTTED  AS  -A-  AND 

C  ARE  PLOTTED  IN  THE  SAME  LEVEL  AS  THEIR  NORMAL 

C  COUNTERPART  TO  IDENTIFY  TflEM 

C      POINT  -  THE  ARRAY  WHICH  REPRESENTS  ONE  LINE  ON  THE  PLOT.   IT  IS 

C  DIVIDED  INTO  THREE  LEVELS  (INDEPENDENT  PLOTS),  WITH  A 

C  BASE  LINE  PRINTING  FOR  EACH  AT  POSITIONS  1,  'i2 ,  83 

C  AND  12«.   THIS  LEAVES  '.O  POSITIONS  BETWEEN  THE  LINES 

C  FOR  PLOTTING  PURPOSES 

C      RAISE  -  THE  QUANTITY  NEEDED  TO  RAISE  THE  CURVE  TO  THE  PROPER  LEVEL 

C       SCALE  -  THE  SCALING  FACTOR  FOR  EACH  OF  THE  VARIABLES.   EACH 

C  INCLUDES  THE  NORMAL  SCALING  FACTOR.  20.0,  AND  ANY 

C  OTHER  FACTOR  DEEMED  NECESSARY.  AS  EXPLAINED  BELOW 

C       TOPLOT  -  An  array  OF  LEVEL  INDICATORS  FOR  EACH  VARIABLE  TO  BE 

C  PLOTTED.   IF  IT  IS  ZERO.  THE  VARIABLE  WILL  NOT  BE 

C  PLOTTED.   THE  VALUE  OF  TOPLOT  MUST  BE  1 .  2  OR  3  FOR 

C  ALL  VARIABLES  EXCEPT  STORAGE.   SINCE  STORAGE  IS  A 

C  NEGATIVE  VALUE  AND  PRINTS  BELOW  THE  BASE  LINE,  IT  MAY 

C  NOT  BE  PRINTED  AS  PART  OF  LEVEL  1.   IT  MAY,  HOWEVER. 

C  BE  ASSIGNED  TO  THE  PSEUOO  LEVEL  <<•    AND  THUS  WILL 

C  PRINT  BENEATH  THE  TOP  MOST  BASE  LINE 

C 

COMMON  AIRTEMC(25,6) 

COMMON  CAL0EF(25) ,CDHAX ( 25 ) .COVDEN( 251 

COMMON  DREA0Y(25) 

COMMON  ENGBAL (25)  .  E T  .E TDAI LY I  25 , 1 2 ) 

COMMON  FREEWAT(25) 

COMMON  IS0THRM(25.20> 

COMMON  LASTUSD(25) .LEVELl. LEVEL2 

COMMON  MMDO 

COMMON  NOAYSNO(25) , NOI VSBL , NSUB. NYEARS 

COMMON  0NTREES(25) 

COMMON  PEAKPPTI25.20I.PEAKWE(25,20).PHASE(25l,PDTENTI2',lt 
1        PREWE0V(25I 

COMMON  RECHRG(25) 

COMMON  S1MTEM1(25,3) ,SUBID(25,6) ,SLPASP(25,24) 

COMMON  TC0EFF(25) ,THRSHL0(25) ,TOPLOT( 11) 

COMMON  VECTYPE(25I 

COMMON  HEIGHT(25) .WSHEDI0(6) 

COMMON  YEARSI20) .YYMMDO 

INTEGER  DREAOY 

INTEGER  PHASF 

INTEGER  SUBID 

INTEGER  TOPLOT 

INTEGER  VEGTYPE 

INTEGER  WSHEDIO 

INTEGER  YEARS, YYMMDO 

COMMON/FORDATA/  FOOTNOT(26l ,MAXLINE 

INTEGER  fOOTNOT 

COMMON/MASTER/DATE (3). TMXMSTR, TMNMSTR.PPTMSTR.PPTONOW.OBSHYOR, 
I  POTRAD, MSTREOF, lYR 

INTEGER  DATE 

COMMON/ PLOTS/ PLOT ( 11  I 

COMMON/ W AT RBAL/ETFROM, EVAPOTR, GENRO, PRECIP, RAO  I N.RADLWN.RADSWN, 
1  TEMPMAX, TEMPMIN, WATERIN 

INTEGER  BOUNDL  C)  .BOUNOU  CI  ,POINT(  12<>l 

DIMENSION  LETTER!  UI.RAISE('>),SCALE(  11) 

EQUIVALENCE  (DATE(2) .IDAY) 

DATA  BOUNDL.  BOUNOU.  RAISE  /  1,42,  83.  83.  42.  83,  1 2<,,  I  2<.,  1.5,42.5,83.5, 
1  124.5/ 

DATA  POINT/IH. .40»1H  .1H..40»1H  .1H..40»IH  .IH./ 
C HYDROGRAPH  -  MAX  VALUE  =  0.5.  MULTIPLY  BY  4  AS  WELL  AS  20 

DATA  LtTTERI I) .SCALE (1) /IHH.80.0/ 
C WATER  EQUIVALENT  -  MAX  VALUE  =  30.0,  DIVIDE  BY  15  (1.33  •  20/151 

DATA  LETTER (2) . LETTER! 7  I . SC AL E ( 2 ) . SCAL E ( 7  I / IHW , IHA  ,  2» 1 .  33/ 
C (NPUT  -  MAX  VALUE  =  2.0.  NO  EXTRA  SCALING  NEEDED 

DATA  LETTER(3) .LETTER(e) .SCALE(3).SCALEI8)/1HI.1HA.2«20.0/ 
Q E VAPOTRANSPIRATION  -  MAX  VALUE  =  0.5.  MULTIPLY  BY  4  AND  20 

DATA  LETTER(4),LETTER(9),SCALE(4I,SCALE(9)/1HE.1HA.2»80.0/ 

C STORAGE  REQUIREMENTS  -  MIN  VALUE  -    -5.3  17.547  -  20/(5.3/2)1 

DATA  LETTER(5) .LEITERIIO) ,SCALE(5).SCALE( lOI/lHS, 1HA.2«7.547/ 

C RUNOFF  -  MAX  VALUE  =  2.0.  NO  EXTRA  SCALING  NEEDED 

DATA  LETTER ( 6 ).LETTER( 1 1 ). SCALE ( 6 ). SCALE ( 1 1 ) /IHR . IHA. 2*20. 0/ 

C SCALE  EACH  VARIABLE  THAT  I S  TO  BE  PLOTTED.  RAISE  IT  TO  THE  PROPER 

C LEVEL  AND  IF  II  IS  WITHIN  THE  BOUNDARIES  FOR  THAT  LEVEL,  STORE 

(, THE  CHARACTER  FOR  THE  PLOT 

DO  20  I  =  I. 11 
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IFdOPLOK  I  I  I    20.20,10 
10    J    =    lOPLOTII ) 

IPOINT    -    (PLOKII    •    SCALEIII)    »    RAISEIJI 

IF( l.EO.S.nH.I.EQ.lOl    J    =    J    -    1 

IF( IPOINT.CT.BOUNOLIJI.ANO.IPOINT.LT.BQUNDUC J>  I  PQ [NT (  I PO INT  I  ^ 
I  LETTERII) 
20  CONTINUE 
WRITE  THE  DATE  BY  TENS 

IFI lOtV.EO.lO.OR.IDAY.EQ.ZO.OR.IDtY.Ea.SOl  CO  TO  30 

WRITE  111,910)  POINT 
910  F0RMAT(9X12*«11 

GO  TO  «0 
30  WRITE  111,9201  DATE, POINT 
920  FORMAr(lX3I2,2H..12<>Al) 
*0  00  50  I  =  2,123 
50  POINT! I  I  .  IH 

PQINTI42)  «  IH. 

POINTI83I  =  IH. 

RETURN 

ENO 


RETURN 

C THIS  DATE  IS  IN  THE  TABLE  -  NO  INTERPOLATION  IS  NECESSARY 

80  FRACTON  =  0.0 
ISUB  =  I 

POTRAD  =  POTENT! I) 
RETURN 
ENO 


Subroutine  RDMSTR 


Subroutine  RADCOMP 


SUBROUTINE  RADCOMP 

C COMPUTE  THE  POTENTIAL  RADIATION  AT  THE  BASE  STATION 

C 

C DICTIONARY 

C 

C      BETWEEN  -  THE  TOTAL  NUMBER  OF  DAYS  BETWEEN  THE  RESPECTIVE 

C  LOCATIONS  OF  THE  DATES  IN  -NDATE- 

C      DAYS  -  THE  NUMBER  OF  DAYS  THAT  HAVE  PASSED  SINCE  THE  BASE  DATE 

C  (-NDATE1 ISUBI-I  TO  RE  USED  IN  THE  INTERPOLATION 

C      FRACTON  -  THE  FRACTIONAL  PART  NEEDED  IN  THE  INTERPOLATION  BETWEEN 

C  TABLE  VALUES  IN  THE  COMPUTATION  OF  THE  RADIATION 

c     ISUB  -  The  subscript  of  the  base  table  value  used  to  obtain  the 

C  RADIATION  FROM  THE  TABLES  BY  INTERPOLATION 

C      NOATE  -  THE  DATES  OF  THE  TABLES  USED  IN  COMPUTING  IHE  RADIATION 

C 

COMMON  AIRTEMC 125,61 

COMMON  CAL0EFI25I,CDMAXI25),C0VDEN( 25) 

COMMON  DREA0YI251 

COMMON  ENG6Al(25) ,ET,ET0AILYI25,12) 

COMMON  FREEWATI25) 

COMMON  ISOTHRM(25,20I 

COMMON  LASTUSD(25I , LEVEL!, IEVEL2 

COMMON  MMDO 

COMMON  NDAYSNOI25l,NOIVSBL.NSUB,NYEARS 

COMMON  ONTREESI25) 

COMMON  PEAKPPT(25,20),PEAKWEt25,20) ,PHASE I  25 ) , POTENTI 2« ) , 
I        PREWE0VI25I 

COMMON  RECHRGI25) 

COMMON  SIMTEMII25,3),SUBI0(25,61,SLPASP(25,2<.) 

COMMON  TC0EFF<25) , THRSHLD(25I ,IOPLOT( II 1 

COMMON  VECTYPEI25) 

COMMON  WEICHTI25),WSHEDIDI6) 

COMMON  YEARS(20) .YYMMOO 

INTEGER  DREAOY 

INTEGER  PHASE 

INTEGER  SUBID 

INTEGER  TOPLOT 

INTEGER  VEGTYPE 

INTEGER  WSHEDIO 

INTEGER  YEARS, YYMMDD 

COMMON /M  AS  I  tK /DA  TEH  I  ,  TMXMSTR,  1  MNMSTR,  PPTMS  T  R,  PPTONOW.OBSHYDR  , 
1  POTRAD, MSTREOF, lYR 

INTEGER  DATE 

COMMON/RAO/FRACTON,  I  SUB 

COMMON/WATRBAL/EIFROM,EVAPOTR,GENRO,PRECIP,RADIN,RAnLWN,RAOSWN, 
I  TEMPMAX,TEMPMIN,HATERIN 

DIMENSION  BETWEENI2<i),NOATEI2*) 

DATA  BETWEEN/13.,  15.,  13.,  15.,  U.,  K.,  15.,  14.,  15.,  !<>., 

1  21.,  20.,  15.,  1«.,  15.,  15.,  l<>.,    15.,  14.,  14..  14.,  14.,  19., 

2  19./ 

DATA  NO ATE/  110,12  3,207,220,307,321,404,419,503,518,601,622,712, 
I  727,810,825,909,923,1008,1022.1105.1119.1203.1222/ 
C PLACE  THIS  DATE  WITH  RESPECT  TO  THE  TABLES 

00  10  1  ■=  1,24 
IFINDATEII)  -  MMDO)  10,80,20 

10  CONTINUE 

Q J  NORMAL  TERMINATION  OF  THE  DO  LOOP  MEANS  THAI  THIS  DATE  FALLS 

C BETWEEN  12/23  AND  12/31.  INCLUSIVE.   USING  THE  ARRAY  IN  CIRCULAR 

C FASHION,  I/IO  I  SUBSCRIPT  1)  IS  THE  CONTROLLING  DATE 

1  -  1 

GO  TO  JO 

C THIS  DATE  FALLS  BETWEEN  THE  ONES  AT  LOCATIONS  I  AND  1-1.   IF  I  IS 

C I,  USE  24  FOR  1-1  SINCE  THE  ARRAY  IS  CIRCULAR 

20  ISUB  •  I  -  I 

IFIISUBI  30.30.40 
30  ISUB  •  24 

C OBTAIN  THE  INTERPOLATION  FRACTION.   START  BY  DETERMINING  IF 

C THIS  DATE  FALLS  IN  THE  SAME  MONTH  AS  THAT  AT  LOCATION  I  OR  1-1 

40  IFIOATEIl)  -  (NDATEI ISUB)/100) )  60.50.60 

C IT  IS  THE  SAME  AS  I-l  AND  IT  IS  LARGER,  SO  SUBTRACT  THE  I-l  DATE 

C TO  OBTAIN  THE  NUMBER  OF  DAYS  To  BE  USED  FOR  INTERPOLATING 

50  DAYS  "  MMDO  -  NDATEdSUBI 
GO  TO  70 

C IT  IS  IHE  SAME  AS  I,  BUT  IT  IS  SMALLER,  SO  SUBTRACT  IT  FROM  THE  I 

C TATE.   THEN  SUBTRACT  IHE  RESULT  FROM  THt  DAYS  BETWEEN  I  AND  1-1 

C TO  OBTAIN  THE  NUMBER  OF  DAYS  TO  BE  USED  FOR  INTERPOLATING 

50  DAYS  =  NDATEI I)  -  MMDD 

DAYS  •  BETWEEN! ISUB)  -  DAYS 

C COMPUTE  THE  INTERPOLATION  FRACTION 

70  FRACTON  -  DAYS/BETWEEN  I  I  SUB ) 

POTRAD  •  POTENT(ISUB)  ♦  IPOTENTIIl  -  POTENT! I  SUB ) )  »  FRACTON 


SUBROUTINE  RDHSIR 
C READ  A  CARD  FROM  THE  MASTER  DECK 

COMMON  A1RTEMCI25,5) 

COMMON  CALnEFI25l ,C0MAXI25) ,COVDEN!25l 

COMMON  0REA0Y(25) 

COMMON  ENGBALI251 ,ET,ETDAILYI25,12) 

COMMON  FREEWAII25) 

COMMON  ISOIHRM(25,20) 

COMMON  LASTUSDI25I ,LEVEL1,LEVEL2 

COMMON  MMDD 

COMMON  NDAYSN0(?5) , NOI V SBL ,NSUB , NYE ARS 

COMMON  ONTReESI25) 

COMMON  PEAKPPTI25  ,20) , PE AKWE I  25 , 20 ) ,PHASEI 251, POTENT! 24), 
1        PREHEOVI25) 

COMMON  RECHRCI25) 

COMMON  SIMTEH1I25,3I ,SUBID 1 25,6) .SLPASP 125.24) 

COMMON  TCOEFF (251 , IHRSHLDI 25 ) ,T OPLOT I  11 ) 

COMMON  VEGTYPEI251 

COMMON  MEIGHTI 25),WSHEDI0I6) 

COMMON  YEARSI20) , YYMMDD 

INTEGER  OREAOY 

INTEGER  PHASE 

INTEGER  SUBin 

INTEGER  TOPLOT 

INIFGER  VEGTYPE 

INTEGER  HSHEDID 

INTEGER  YEARS, YYMMDD 

COMMON /MA STER/OATE 13) ■ T MXMS T R , T MNMS TR , PPTHS T » , PPTONOW , OBSHYDR , 
1  POTRAD, MSTREOF, lYR 

INTEGER  DATE 

COMMON/WArRBAL/ETFROM,EVAPOTR,GENRO,PRECIP,RADIN,RAOLWN,RADSWN, 
I  TEMPMAX,TEMPM|N,WATERIN 

DIMENSION  INiei 

EQUIVALENCE  IDATEin,IN(l)) 

READ  15,910)  IN 

C THE  FORMAT  DECLARATORS  ARE  TYPED  FOR  IHE  EOUIVALENCEO  WORDS  OF 

Q -IN-  RATHER  THAN  FOR  THE  INTEGER  ARRAY  ITSELF 

910  F0RMAT(3I2,IIX2F4.1,19X3F5.21 

IFIE0F15))  20.20,10 
10  MSTREOF  =  1 

RETURN 
20  MMDO  =  (DATEIl)  •  lOOl  ♦  0ATEI21 

YYMMDD  =  (DATEI3)  »  lOOOO)  »  HMOD 

C REDUCE  -PPTONOW-  TO  ITS  VALUE  BEFORE  IHE  PRECIP  FOR  THIS  DAY  MAS 

C ADDED  IN 

PPTONOW  >  PPTONOW  -  PPIMSTR 

C SINCE  RADIATION  MEASUREMENTS  ARE  NOT  AVAILABLE,  COMPUTE  THE  BASE 

C STATION  VALUE  HERE 

CALL  RADCOMP 

RETURN 

ENO 


Program  SELECT 


OVERLAY  !0LAYS,1,0) 

PROGRAM  SELECT 
C SELECT  IHE  METHOD  OF  OUTPUT  AND  READ  THE  WATERSHED  PARAMETERS 

COMMON  AIRTEHCI25,6) 

COMMON  C4L0FF(25),CDMAX(25) ,C0VDEN(25) 

COMMON  DREAnY(25) 

COMMON  ENGBALI25) ,ET,EI0AILYI25,12) 

COMMON  FREEWAI(25] 

COMMON  I SOIHRMI25,20) 

COMMON  LASTUSDI25) ,LEvELl,LEVEL2 

COMMON  MMDO 

COMMON  N0AYSN0I25] ,NDI VSHL , NSUB ,NYE ARS 

COMMON  0NTREESI25) 

COMMON  PEAKPPTI25,20I,PEAKWEI25,20) .PHASE  I  25 ), POTENT  1 24 ) , 
1        PREwEQV(25l 

COMMON  RECHRG(25) 

COMMON  SIMIEH1I25,3),SUBIDI25,6I ,SLPASPI25 . 24 ] 

COMMON  TCOEFF I  25) , IHRSHLDI 25  1 .TOPLOT!  11 ) 

COMMON  VEGTYPEI25) 

COMMON  WEI&HT!25),WSHEDIDI5I 

COMMON  YEARSI20) .YYMMOO 

INTEGER  DREAOY 

INTEGER  PHASE 

INTEGER  SUBID 

INTEGER  TOPLOT 

INTEGER  VEGTYPE 

INTEGER  WSHEDIO 

INTEGER  YEARS, YYMMOO 

COMMON /MASTER /DA  IE  13) , T MXMS I R, TMNMS TR, PPIMSTR , PP TONOW , OBSHYDR , 
1  POTRAD, MSTREOF, lYR 

INTEGER  DATE 

CDMMON/WAIRBAL/EIFR0M,EVAP0TR,GENR0,PRFCIP,RA0IN,RADLWN,RADSWN, 
1  IEMPMAX,IEMPM1N,WATERIN 

DATA  IERR/1/ 
C READ  THE  OUTPUT  SELECTION  AND  CHECK  FOR  ERRORS 

READ  15,910)  I,LI,L2,NDIVSBL 
910  F0RMAI(A6,1XI1 ,1X11,1X12) 

IF( I .Ea.6HSELECI)  GO  TO  20 
10  WRITE  !5,920)  I,L1,L2,N0IVSBL 
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920  fnRM4TI«lTHE  SELECT  C4RD  IFIRST  CARD  IN  DECK)  IS  INCORRECT.   E 1  THE 
IR  IT  DOES  NOT  H»VE  THE  WORD  -SELECT-  IN  COLUMNS  1-6,  THE  OUTPUT  OP 
2TI0N«/»  iS  NOT  2,  3  OR  4,  OR  THE  -DATE  DIVISIBLE  BT-  VALUE  IS  I NVA 
3LID»/5)(«C0LUHNS  1-6  =  •  A6/5X»0UTPUT  OPTION  I  COL  81  =•  I  2/ SO  AL  TERNA 
4TIVE  (COL  101  =»I2/5X»0ATE  DIVISIBLE  BY  I  COL  11-121  =»13/»-J0B  ABO 
5RTED»I 
CALL  EXIT 
20  1FIL1.EQ.3.OR.L1.E0.*!  GO  TO  50 
IF  ILL  -  21  10.30.10 

C OPTION  2  -  CHECK  THE  DIVISIBILITY 

30  IFIND1VS8L)  lO.lO.^O 

<iO  IFINDIVSBL  -  31)  50,50.10 

50  LEVELl  =  LI 

LEVEL2  =  L2  «  1 

C READ  THE  PLOT  CONTROL  CARD  AND  CHECK  FOR  ERRORS 

REAn  (5.930)  I.TOPLOT 
930  F0RMAT(A5,3X11( IXIl I ) 

IFI I.EQ.5HPL0TS>  GO  TO  60 
WRITE  (6,9<.0I 
940  FORHATOITHE  SECOND  CARD  IN  THE  DATA  DECK  IS  NOT  THE  PLOTS  CARD  - 
IJOB  ABORTED*! 
CALL  EXIT 

C HYDROGRAPH 

60  IFITOPLOTdl  -  3)  80,80.70 
70  I  =  lOHHYDROGRAPH 

URITE  (6.950)  I  ERR . I , TOPLOT I  I  I 
950  FORMATd 1,»THE  »AIO.«  HAY  NOT  BE  PRINTED  ON  BASE  LINE»I2.«  OF  THE 
1  PLOTS'! 
I  ERR  =  0 

C HATER  EQUIVALENT 

30  IF(T0PL0T(2I  -  31  100.100.90 
90  I  =  lOHHATER  EOV 

WRITE  (6.950)  lERR, I,T0PLnT(2! 
lERR  =  0 

C INPUT 

100  1F(T0PL0I(3)  -  31  120.120.110 
110  I  =  lOHINPuT 

WRITE  (6,950)  IERR,I .T0PL0TI3) 
lERR  '    0 

Q EVAPOTRANSPIRATION 

120  IFITOPLQTCi)  -  31  l<.0,  1<.0,  1 30 
130  I  =  lOHEVAPOTR 

WRITE  (6,950)  lERR,  I  .TOPLOTCI 
lERR  =  0 

C STORAGE  REQUIREMENTS  (SINCE  THIS  IS  A  NEGATIVE  QUANTITY,  IT  MAY 

Q HOY  BE  PRINTED  AS  PART  OF  LEVEL  1,  BUT  MAY  BE  PART  OF  A  PSEUDD 

C LEVEL.  LEVEL  <,) 

I'.O    IF(T0PL0T(5).LT.<..AND.T0PL0T(5I  .NE.l)    GO    TO    150 
I     =     lOHSTORAGE 

WRITE     (6,9501     lERR.I ,TOPLOT (5) 
lERR    -    0 

C RUNOFF 

150  IF(T0PL0T(61  -  3)  180,180,160 
160  I  »  lOHRUNOFF 

WRITE  (6,950)  I  ERR , I ,TOPLOT ( 6 ) 
170  CALL  EXIT 
180  IFI lERR)  170,170,190 

C BE  SURE  THAT  ALTERNATIVES  PRINT  ON  THE  SAME  LEVEL  AS  THEIR 

C COUNTERPARTS 

190  DO  210  1  =  7,11 

IFI  TOPLOTI [ ) !  210,210,200 
200  TOPLOT(I)  =  T0PL0T(I-5) 
210  CONTINUE 

C READ  THE  WATERSHED  DESCRIPTORS  AND  PARAMETERS 

CALL  RDPARAH 

C WRITE  THE  FIRST  LINES  OF  THE  PLOT 

REWIND  11 

WRITE  (11,9601  WSHEDID,NSue 
960  F0RMAT(el»5AX«WATER  BALANCE  SIMULATION*/ 

1  lX6A10,<.lX»C0MPnSITE  0F»I3,«  SUBSTATIONS*// 

2  •0«63X*LEGEN0*/ 

3  1X2(12X*CHAR   DEE  1 N I T I  ON* I5X»R ANGE*1  2X ) / 

<.  1<.X*A     ALTERNATIVE  RESULT  FOR  NEAREST  CHARACTER      * 

5  10X*R      RUNOFF-SIMULATED  GEN   0  TO  2.0  INCHES  »/ 

6  14X*E      EVAPOTRANSPIRATION      0  TO  .2  INCH  * 

7  10X*S  STORAGE  REQUIREMENTS  -5.3  TO  0  INCHES  •/ 
6  14X*H  HYOROGRAPH-OBS  GENRO  0  TO  .5  AREA  INCHES  • 
9  10X*W      WATER  EQUIV  OF  PACK     0  TO  30.0  INCHES         •/ 

A  14X*I      INPUT  -  MELT  OR  RAIN   0  TO  2.0  INCHES  */*0*) 

C RETURN  TO  THE  MAIN  OVERLAY  FOR  THE  LOADING  OF  THE  NEXT  OVERLAY 

END 

Subroutine  RDPARAM 

SUBROUTINE  RDPARAM 

C READ  THE  WATERSHED  PARAMETERS  AND  DESCRIP10RS 

COMMON  AIRTEMC(25,6) 

COMMON  CALDEF(25! .C0MAX(25) .C0VDEN(25) 
COMMON  DREADY(25) 

COMMON  ENGBAL(25) .E T .E TDAI L Y I  25 , 12 ) 
COMMON  FREEWAT(25I 
COMMON  ISOTHRMI25.20) 
COMMON  LASTUS0(25) .LEVELl, LEVEL2 
COMMON  MMOD 

COMMON  NDAYSNO(25l , NDl V SBL , NSUB, NYE ARS 
COMMON  ONTREES( 25! 

COMMON  PEAKPPT(25,20I,PEAKWE(25,20),PHASE(25I , POTENT  I 2«). 
1         PREWE0V(25! 
COMMON  RECHRG(25) 

COMMON  SIMTEH1(25,3) , SUB  I D ( 25 , 6 ) , SL PASP ( 25 , 24 ) 
COMMON  TCOEFF (25),THRSHLn(25),T0PL0T(ll! 
COMMON  VFGTYPE(25I 
COMMON  WEIGHT(25! ,WSHEDID(6) 
COMMON  YEARS(20),YYMM0D 


INTEGER  DREADY 
INTEGER  PHASE 
INTEGER  SUBID 
INTEGER  TOPLOT 
INTEGER  VEGIYPE 
INTEGER  WSHEDID 
INTEGER  YEARS, YYMMOO 
COMMON/CMPSlTO/COMPSI 161, YR TOT (5  I 

CDMMON/MASTER/OATE(3I , TMXMSTR , TMNMSTR , PPTMSTR, PPTONOW, OBSHYOR , 
1  POTRAD,MSTREOF,l YR 
INTEGER  DATE 
COMMON/WATRBAL/ETFROM,EVAPOTR,GENRO,PREC1P,RAOIN,RADLWN,RADSWN, 

1  TEMPHAX,TEMPMIN,WATERIN 
INTEGER  PEAKDAT 

DATA  IERR,N/2*l/ 

C READ  THE  WATERSHED  TITLE  AND  NUMBER  OF  SUBSTATIONS 

READ  (5,900)  WSHEDID, NSUB, NYEARS 

900  f0RHAT(6Al0, 14X213) 
IFINSUB.GE.l. AND. NSUB. LE. 251  GO  TO  10 
WRITE  (6,901!  1ERR,NSUB 

901  FORMAT( I  1 ,13,*  SUBSTATIONS  MAY  NOT  BE  RUN.  COLUMNS  76-77  OF  THE  H 
lATERSHED  10  CARD  MUST  BE  I  TO  25,  INCLUSIVE  (OR  THE  PROGRAM  MAY  BE 

2  REVISED!*) 
lERR  =  0 

10  IFINYEARS.GE.  LAND. NYEARS. LE. 201  GO  TO  20 
WRITE  (6,902)  (ERR, NYEARS 

902  FORMATI I  1,13,*  YEARS  MAY  NOT  BE  RUN.  COLUMNS  79-80  OF  THE  WATERSH 
lEO  ID  CARD  MUST  BE  1  TO  20,  INCLUSIVE  (OR  THE  PROGRAM  MAY  BE  REVIS 
2ED)*) 

lERR  =  0 

C READ  THE  POTENTIAL  RADIATION  CARDS  12  CAKOS I 

20  READ  (5,910)  NAME, POTENT 

910  FORMAT (AlO, 10X1 2F 5. 0/20X1 2F 5.0) 
IFINAME.EQ.  lOHPOTENTIAL  )  GO  TO  30 
WRITE  (6,9111  (ERR 

911  FORMATI 1 1,*THE  POTENTIAL  RADIATION  CARDS  00  NOT  FOLLOW  THE  WATERSH 
lED  ID  CARD*) 

lERR  =  0 

C SEE  IF  THERE  ARE  SUBSTATIONS  TO  BE  READ 

30  IF(NSUB)  210,210,60 
60  NSETS  =  NSUB 

C READ  A  SET  OF  SUBSTATION  DESCRIPTORS.   START  WITH  THE  ID  AND 

C CONSTANT  PARAMETERS 

70  READ  15,930)  ( SUB  1 0( N, I ) , I  -  I ,6 ) , TCOEFFI N ) ,COVOEN( N I ,COHAX{ Nl , 
1  WE IGHT(N) .THRSHLD(N),VEGTYPE (N) 

930  FORMAT(6A10,'4F'i.2,F2.0,lXI  I  ! 

IF (COMAXINI .GE.COVOENINl )  GO  TO  60 

WRITE  (6,931)  IERR,(SUBIO(N, I), I=1,6I,C0VDEN(N),CDMAX(N1 

931  FORMATI  I  I, tON  THE  SUBSTATION  ID  CARD  ENTITLED  *6AI0/*  THE  COVER  OE 
INSIIY  SPECIFIED  IN  COLUMNS  55-68  l*F5.2,*)  IS  GREATER  THAN  THE  MAX 
2IHUM  COVER  DENSITY  IN  COLUMNS  69-72  (•F5.2,»)*l 

lERR  =  0 
80  IF(WEIGHT(NI.GT.0.0.ANO.WEIGHT(N).LE.1.0)  GO  TO  90 
WRITE  (6,932)  1ERR,WEIGHT(N) , (SUBIDIN, I  I, Iil,5l 

932  FORMATI U , 'INVALID  WEIGHT  (•F5.2,«)  IN  COL  73-76  OF  SUBSTATION  10 
ICARD  ENTITLED  *6A10/*  WEIGHT  MUST  BE  BETWEEN  0.001  AND  1.0.  INCLUS 
2IVE*) 

lERR  »  0 
90  IFIVEGTYPE(N).EQ.1.0R.vEGTYPEIN).EQ.2l  GO  TO  100 
WRITE  (6,933)  IERR,VEGTYPE(N), ( SUBIDIN, I ), 1-1,61 

933  FORMATI I  1, (INVALID  VEG  TYPE  ('II,*!  IN  COLUMN  80  OF  SUBSTATION  ID 
ICARD  ENTITLED  «6A10/»  VEGETATION  TYPE  =  1  ILODGEPOLE  PINE),  =  2  IS 
2PRUCE  FIR)*) 

lERR  =  0 

C READ  THE  INITIAL  CONDITIONS  CARD 

100  READ  (5,940)  NAME,SIMTEMl(N,2),PREWE0V(NI,RECHRGINI,SlMTEMl(N,l), 
1  DREADY(N) 

940  FORMATI AlO, 10X4F5. 2, 15) 
IFINAME.EQ.IOHINI TI AL  CO)  GO  TO  IIO 
WRITE  (6, 941)  lERR, (SUBIDIN, I ), 1=1,6) 

941  FORMATdl,*  THE  INITIAL  CONDITIONS  CARD  DOES  NOT  FOLLOW  THE  SUBSTA 
ITION  ID  CARD  ENTITLED*/1X6A10) 

lERR  =  0 
GO  TO  130 
C CONVERT  THE  PACK  TEMPERATURE  TO  CALORIE  DEFICIT  IAS  A  POSITIVE 

c Quantity),  include  the  weighted  recharge  requirement  for  use  in 

c the  -change  in  storage-  computation,  and  define  the  ground 

C TEMPERATURE  FOR  THE  SIMULATION  MODEL 

110  CALDEF(N)  =  -  SIMTEM1(N,2)  •  PREWEOV(N)  •  1.27 
YRT0T(4)  =  YRT0T(4)  t  (RECHRG(N)  *  WEIGHTINII 
SIMTEMl (N,3)  =  -  1.5 

C READ  THE  DAILY  ET  VALUES 

130  READ  (5,950)  NAME , ( E TDA 1 L Y ( N , I  ) , I « 1 , 12  I 

950  FORMATI AlO, 10X12F5. 4) 
IFINAME.EQ.  lOHDAlLY  FT    )  GO  TO  140 
WRITE  16,951!  IERR,(SUBID(N,I ), 1=1,5) 

951  FORMATdl,*  THE  DAILY  ET  VALUES  CARD  DOES  NOT  FOLLOW  THE  INITIAL  C 
lONDITIONS  CARD  IN  THE  CARDS  FOLLOWING  THE  SUBSTATION  ID  CARD  ENTIT 
2LE0»/IX6A10) 

lERR  =  0 

c READ  The  air  temperature  coefficients 

140  READ  (5,960)  NAME  .  ( 4  I RTEMC ( N. I )  . I  =  1 . 6 ] 

950  FORMAT( AlO, 10X6F5.3) 
IFINAME.EQ. IOHAIR  TEMP  C)  GO  TO  150 
WRITE  (5.961)  lERR. (SUBIDIN.I ), 1=1,5) 

951  FORMAT ( I  1 ,*THE  AIR  TEMPERATURE  COEFFICIENTS  CARD  DOES  NOT  FOLLOW  T 
IHE  DAILY  ET  CARD  IN  THE  CARDS  FOLLOWING  THE  SUBSTATION  ID  CARD  ENT 
3ITLE0*/1X6A10! 

lERR  =  0 
C READ  THE  SLOPE/ASPECT  ADJUSTMENT  FACTORS 

150  READ  (5,970)  NAME,  ( SLPASPIN, I  I. 1=1.241 
970  FORMATI A6.2X24F3. 2! 

IFINAME.EQ. 6HSLP/ASI  GO  TO  150 

WRITE  (6,9:'l)  lERR.  (SUBIDIN.  I  I,  1  =  1,51 
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971  fORM«T( Ili«THE  SLOPE/ASPECT  CORRECTION  FACTORS  CARD  DOES  NOT  FOLLO 
IH  THE  AIR  TEMPERATURE  COEFFICIENTS  CARD  FOLIOHING  THE  SUBSTATION  I 
2D  CARD«/1X6AIC) 
I  ERR  -    0 

C READ  THE  PEAK  WATER  EQUIVALENT,  ITS  DATE  AND  THE  DATE  BV  WHICH  THE 

C PACK  MUST  BE  ISOTHERMAL  FOR  EACH  YEAR 

160  DO  190  I  ■=  l.NYEARS 

READ  (5,9801  PEAKME ( N, I  I ,TEMP .PEAKOAT, I  TEMP 

980  FaRHAT(20X2F5. 2, 1X16,1X16) 

C FOR  RAPID  AND  MORE  ACCURATE  BINARY  COMPARES  IN  SUBROUTINE  CENOATA, 

t LOWER  THE  PEAK  PRECIP  SLIGHTLY 

PEAKPPT(N,I)  =  TEMP  -  0.001 
IF(N  -  1)  170.170,180 
170  YEARS(I)  =  MODIPEAKOAT.IOO) 

GO  TO  190 
ISO  tF(YEARS( I I.EO.MODIPEAKOAT.IOOI I  GO  TO  190 
K  '    H0DIPEAK0AT,100I 

WRITE  16,981)  IERR,ISUBID1N,J1, J=l,6) fYEARSI I),k,{yEARS( J),J»1. 
1  NYEARS) 

981  FORMAT! II. "THE  PEAK  W.E.  CARDS  FOLLOWING  THE  SUBSTATION  ID  CARD  EN 
ITITIED  •6A10/«  00  NOT  CORRESPOND  TO  THE  YEARS  AND/OR  ORDER  OF  THE 
2F1RST  SET  READ.   WHEN»13,»  WAS  EXPECTED, » 1 3 , •  WAS  READ.'/*  THE  FIR 
3$T  SET  IS0»20U) 

lERR  =  0 

C CONVERT  THE  ISOTHERMAL  DATE  TO  YYMMDD  FORMAT  FOR  RAPID  COMPARES 

190  ISOTHRMIN,I)  -  110000  •  IT6MP)  -  (999999  •  IITEMP/100)) 

C GO  ON  TO  THE  NEXT  SET 

N  »  N  ♦  lERR 
NSETS  =  NSETS  -  1 
IF(NSETS)  200,200.70 
200  IFIIERR)  210,210,220 
210  WRITE  16,990) 

990  F0RMAT(»0»/»0J0B  ABORTED  FOR  ABOVE  REASONIS)  WHILE  OPERATING  IN  SU 
IBROUTINE  RDPARAM*) 

CALL  EXIT 

C INITIALIZE  THE  VARIABLES  THAT  HAVE  NOT  BEEN  DEFINED  ABOVE 

220  00  230  N  =  1,25 

ENGBAL(N)  =  -1.0 

FREEWAT(N)  =  0.0 

LASTUSD(N)  =  0 

NOAYSNO(N)  =  0 

ONTREESINI  =  0.0 
230  PHASE(N)  =  0 

C SUM  THE  WEIGHTS  TO  CERTIFY  THAT  A  COMPLETE  SET  OF  PARAMETERS  IS 

C INCLUDED 

SUM  =  0.0 

00  2'.0  N  =  l.NSUB 
2'iO  SUM  =  SUM  ♦  WEIGHTIN) 

IFISUM.GT.O. 97.AND.SUM.lt. 1.03)  RETURN 

WRITE  (6.991)  lERR.SUM 

991  FORMATlll.'THE  TOTAL  OF  THE  WEIGHTING  FACTORS  (•F6.3.»)  IS  OUTSIDE 
1  THE  TOLERABLE  TOTALS.  0.97  To  1.03») 

GO  TO  210 
END 


COMMON  FREEWATI25) 

COMMON  IS0THRM(25,20) 

COMMON  LASTUSD(25).LEVEL1.LEVEL2 

COMMON  MMOO 

COMMON  NDAYSN0I25) .NOI VSBL ,NSUB .NYEARS 

COMMON  0NTREESI25) 

COMMON  PEAKPPTI25.20),PEAKWE(2  5,20)  .PH»SEI25).P0TENTI2'i), 
1        PREWE0V(2S) 

COMMON  RECHRG125) 

COMMON  S1MTEM1I25,3),SUBID(25,6I,SLPASPI25,2<.) 

CnMMflN  TC06FF(25),  rHRSHLD(25)  ,TOPLOT(  11  ) 

COMMON  VEGTYPEI25) 

COMMON  WEIGHT(25I ,WSHEDID(6) 

COMMON  YEARS(20) .YYMMDD 

INTEGER  DREADY 

INTEGER  PHASE 

INTEGER  SUBIO 

INTEGER  TOPLOT 

INTEGER  VEGTYPE 

INTEGER  WSHEOID 

INTFGEK  YEARS. YYMMOO 

COMMON /C MPS  I TO/COMPS( 16) .YRTnT(5) 

COMMON/M ASTER /OAT E( 3 ) . TMXHSTR . TMNMSTR . PPTMSTR . PPT0N0W.06SHYDR, 
1  POTRAD.MSTREOF .lYR 

INTEGER  DATE 

C0MH0N/PL0TS/PL0T(6l 

COMMON / WATR B AL /E TF ROM. EVAPOTR.GENRO. PRECIP. RAD  I N.RADLWN.R ADS WN. 
1  TEHPMAX.TEHPMIN.WATERIN 
C MAKE  THE  PASS  THROUGH  THE  WATER  BALANCE  ROUTINES 

CALL  WAIBAL  ICALOEFIN) ,CDMAX(N).COvOENIN),DREAnY(N) .ENG8ALIN) . 

1  FREEWATIN).LASTUSD(N] ,NDAYSNO(N) .ONTREES I N ) . PHASE ( N ) , PREWEBV ( N I , 

2  RECHRG(N)  .SImTEMUN.1)  .SIMTEM1IN.2)  .  S  I  MTEMl  (N.  3  )  .TCOEFF  I  N) . 

3  THRSHLn(N) .VEGTYPEIN) ) 

C CHECK  THE  MANDATORY  ISOTHERMAL  DATE 

IFIYYMMDO  -  I SUTHRMIN. I YR) )  20.10.20 

C TURN  OFF  THE  DIFFUSION  MODEL.  SET  THE  PACK  TO  0  C  AND  ADJUST  THE 

C ENERGY  BALANCE  ACCORDINGLY 

10  DREADY(N)  =  -1 

FNCBALIN)  =  ENGBALIN)  »  CALDEFIN) 

RADLWN  =  RAOLWN  ♦  CALDEFIN) 

CALDEFIN)  =  0.0 

C WEIGHT  AND  STORE  THIS  DATA 

20  WT  =  WEIGHTIN) 

COMPSin  =  COMPSIl)  ♦  (PREWEQVINI  •  WI) 

C0MPS(2)  =  C0MPS(2)  ♦  (RECHRG(NI  •  WT ) 

C0MPS(13)  =  C0MPS113)  ^    (PRECIP  •  WT) 

COMPSdA)  =  COMPSIl'i)  »  (WATERIN  •  WT ) 

C0MPS(15)  =  C0MPSI15I  »  lEVAPOTR  •  WT ) 

C0MPS(16I  =  C0MPS(16)  »  (GENRO  •  WT) 

CALL  ETCOOE  I E TFROM.COMPS (6 ) ) 

RETURN 

END 


Subroutine  WRITE2 


Program  INTSUM 


OVERLAY  (OLAYS.2.0) 

PROGRAM  INTSUM 

C INTERVAL  SUMS  OF  VALUES  CONCERNED  WITH  WATER  -  LOAD  APPROPRIATE 

C OPERATING  PROGRAM  TO  WORK  WITH  THE  SUBROUTINES  IN  THIS  OVERLAY 

COMMON  AIRTEMCI25.6I 

COMMON  CAL0EF(25) .CDMAX(25) ,COVDEN( 25) 

COMMON  DREADY (25) 

COMMON  ENGBALI25),EI,ETDAILYI25,12) 

COMMON  FREEWAT(25) 

COMMON  IS0THRM(25,20) 

COMMON  LASTUSD(25),LEVEL1,LEVEL2 

COMMON    MMDO 

COMMON    NDAYSNO(25) •NDIVSBL,NSUB,NYE As 

COMMON  ONTREES(25l 

COMMON  PEAKPPT(2S.20).PE«KWE(25.20) .PHASE! 25 ). POTENT ( 24 ) . 
1        PREWE0V(25I 

COMMON  RECHRC(25) 

COMMON  SIMTEM1!25.3).SUBI0I25.6).SLPASP!25.2«) 

COMMON  TCOEFF I  251 ,THRSHL0(25) .TOPLOT(ll) 

COMMON  VEGTYPE (25) 

COMMON  WEIGHTI25).WSHEDI0(6) 

COMMON  YEAR$(20). YYMMDD 

INTEGER  DREADY 

INTEGER  PHASE 

INTEGER  SUBIO 

INTEGER  TOPLOT 

INTEGER  VEGTYPE 

INTEGER  WSHEDIO 

INTEGER  YEARS. YYMMDD 

COMMON /MASTER /DATE  I  3 I.TMXMSTR, TMNMSTR. PPT  MS TR.PPTONOW.OBSHYDR. 
1  POTRAD.MSTREOF,) YR 

INTEGER  DATE 

COMMON /WATR8AL/ETFR0M,EVAP0TR. GENRO, PREC I P,RADrN,RAOLWN,RAOSWN. 
1  TEMPMAX.TEMPMIN. WATERIN 

CALL  OVERLAY  ( 5H0LAYS .2 . LEVEL2 ) 
C RETURN  TO  THE  MAIN  OVERLAY  TO  TERMINATE  NORMALLY 

END 


Subroutine  NORM2 


SUBROUTINE  N0RM2  IN) 

C THE  VERSION  OF  THE  NORMAL  SIMULATION  SUMS  TH0S€  VALUES  CONCERNED 

C WITH  WATER  FOR  OUTPUT  ON  DATES  DIVISIBLE  BY  THE  SPECIFIED  NUMBER 

COMMON  AIRTEMCI25.6I 

COMMON  CALDEF(25) .COHAX (25 ) .COVDEN) 25 ) 

COMMON  DREA0YI25) 

COMMON  ENGBAL(25).ET.ETDAILY(25.17) 


SUBROUTINE  WRITE2  (K.COMPS) 

C THIS  VERSION  OF  THE  OUTPUT  ROUTINE  PRINTS  INTERVAL  AND  YEAR-TO- 

C DATE  SUMS  OF  ALL  VALUES  CONCERNED  WITH  WATER 

COMMON  AIRTEHC(25.5) 

COMMON  CALOEF(25).CDMAX(25).COVDEN(25) 

COMMON    DREADY(25) 

COMMON    ENGBALI25).ET.ETDAILY(25.12) 

COMMON  FREEWATI25) 

COMMON  ISOTHRH(25.20) 

COMMON  LASTUSD(25) .LEVELl .LEVEL? 

COMMON  MMOD 

COMMON  NDAYSN0(25) , NDI VSBL .NSUB . NYE ARS 

COMMON  0NTREES(?5) 

COMMON  PEAKPPI(25.20) .PEAKWE I  25 .20 ) .PHASE( 25 ] .POTENT( 21), 
1        PREWE0V(25) 

COMMON  RECHRG(25) 

COMMON  SIMTEM1(25.3) .SUBID ( 25 .6 ) ,SLPASP( 25. 24 ) 

COMMON  TCOEFF (25) . THRSHLO ( 25 ), TOPLOT ( 11) 

COMMON  VEGTYPE(25) 

COMMON  WEIGHI (25) .WSHEDID(6) 

COMMON  YEARS(20] .YYMMDD 

INTEGER  OREADY 

INTEGER  PHASE 

INTEGER  SUBIO 

INTEGER  TOPLOT 

INTEGER  VEGTYPE 

INTEGER  WSHEOID 

INTEGER  YEARS. YYMMDD 

COMHON/FORDATA/  FOOTNOT I  26 ) . M»XL I NE 

INTEGER  FOOTNOT 

CnMM0N/MASTER/DATE(3) . TMXMSTR. TMNMSTR , PPTMSTR,  PPTONOW.OBSHYDR  . 
I  POTRAD.MSTREOF, lYR 

INTEGER  DATE 

C0MM0N/WATR8AL/ETFR0M,EVAP0TR,GENR0,PRECIP.RA0IN.RAnLWN,RA0SWN. 
1  TEMPMAX.TEMPMIN, WATERIN 

DIMENSION  CQMPS(12) ,FR0M(7) 

DATA  LINES/-1/ 

DATA  FK0M/3HC   , 3H  S  ,3HCS  , 3H   E,3HC  E,3H  SE,3HCSE/ 

C0MPSI6)  I  FR0M(C0MPS(6) ) 
C DETERMINE  HOW  TO  WRITE  THE  LINE 

IFIK.EQ.IHS)  GO  TO  10 

WRITE  (6,910)  K,COMPS 
910  FDRMAT(lXA10,2FlO.2,6X2Fe.2,F8.'>,lX»3,F9.2.7X2F8.2.F10.4,lX2F10.Zi 

LINES  =  LINES  -  1 

RETURN 

C CHECK  THE  LINE  COUNTER 

10  IF(LINES)  20.20.30 

20  WRITE  (6.920)  FOOTNOT. WSHEDID.NSU8 
920  FORMAT(»0»13AIO/1X13»10/«1«5'.««WATER  BALANCE  SIMULATION*/ 


20 


1  IX6/MO.<.1X»COHPOS1  TE    Of»13,»    SUFIST6T  IONS*/ 

2  *0*\bK>t.    U  R  R  E  N  T»12X«I  NIERVAL     TOTAL  S»13X 

3  •---YEAR     TO     DATE--   -♦/ 

4  lAX'SNOWPACK   RECHARGE»23X»EVAP0TRANS   GENERATED»38X 

5  •GEN     CHANGE  IN»/ 

6  16X««.  E.        REQ  PRECIP    INPUT  fROH     RUNOFF 

7  PRECIP    INPUT   EVAPOTBANS     RUNOFF   RECHRG  R0»/) 
LINES  =  MAXLINE 

30    WRITE     (6,9301    DATE .COUPS 
930    FORMAT!*    •3I3.1X2Flo.2,6X?Fe.2,Fe.<.,lxA3,F9.2,  7X2F8.2,F10.'.,IX 
1    2F10.2I 
LINES    =    LINES    -    1 
RETURN 

C DOUBLE  SPACE  BETWEEN  YEARS 

ENTRY  WRITOT 
WRITE  (6,9101 
LINES  =  LINES  -  1 
RETURN 
END 


Program  INTSUMO 


OVERLAY  (OLAYS.2.11 

PROGRAM  INTSUMO 
--OPERATING  PROGRAM  FOR  PRINTING  INTERVAL  SUMS  FOR  THE  NORMAL 
•-  SIMULATION  WITHOUT  ANY  ALTERNATIVES 

COMMON    AIRTEKC (25,61 

COMMON  CALDFF(251 , CDMAX ( 25  I , COVOEN I  25  1 

COMMON  DRE»DY(25I 

COMMON  ENGBAL(25I , E T ,E TOA I LYI 25 , 12 ) 

COMMON  FREEWATI251 

COMMON  IS0THRM(25,20) 

COMMON  LASTUSDI25I ,LEVELI.LEVEL2 

COMMON  MMDD 

COMMON  NDAYSN0(25I , NDI VSBL , NSUB , NYE ARS 

COMMON  0NTREES125I 

COMMON  PEAK  PPT  (25, 20  I  .PEAK  WE  1 25, 20)  ,PHASEI25I  ,  POTENT  I  2'.  I , 
1        PREWEQV(25I 

COMMON  REChRG(25I 

COMMON  SIMTEM1I25,3),SUBI0(25,6),SlPASPI25,2',) 

COMMON  TCOEFF( 25).THRSHLn(25) ,T0PL0T(11I 

COMMON  VEGTYPE(25) 

COMMON  WEIGHTI25) ,WSHEDI0(6l 

COMMON  YEARSI20) ,YYMMDD 

INTEGER  DREADY 

INTEGER    PHASE 

INTEGER  SUBID 

INTEGER  TOPLOT 

INTEGER    VEGTyPE 

INTEGER  HSHEOIO 

INTEGER  YEARS, YYMMOO 

COMMON /CMP  SI  TO /COMPSI 151 ,YRT0T(5I 

COMMON/FORDATA/  F00TN0T(26) .MAXLINE 

INTEGER  FOOTNOT 

C0MM0N/MASTER/DATE(31 , THXMSTR , TMNMSTR , PPTMSTR , PPTONOW.OBSHYOR , 
1  POTRAD.MSTREOF, lYR 

INTEGER  DATE 

COHMON/PLOTS/PLOTdl  I 

C OMMON / WATR BAL/ETFROM,EVAPOTR,GENRO, PRECIP, RAD  I N,RADLWN.RAOSWN. 
1  TEMPMAX,TEMPMIN,WATERIN 

INTEGER  F00TNTE(261 

DATA  F00TNTE/260HN0RMAL  SIMULATION  ONLY 
1 


DEFINE  THE  FOOTNOTE 

DO  IN  =  1,26 
I  FOOTNOT(NI  =  FOOTNTE(N) 
MAXLINE  =  52  -  NUMBER  OF  ALTERATIONS 

MAXLINE  =  52 
WRITE  THE  FOOTNOTE  ON  THE  PLOT 

WRITE  (11,9001  FOOTNOT 
900  FORMAT( /*0«13A10/1X13A10//I 

READ  A  MASTER  CARD 

10  CALL  RDMSTR 

IFIMSTREOFI  20,20,170 

GENERATE  THE  OATS  AND  PERFORM  THE  SIMULATION  FOR  EACH  SUBSTATION 

20  DO  30  N  =  1 ,NSUB 

CALL  GENDATA  IN) 

CALL  N0RM2  (Nl 
30  CONTINUE 
STORE  THE  INFORMATION  FOR  THE  PLOTS 

PLOTd  )  -  OBSHYOR 

PL0T(2)  =  COMPS( I) 

PLOT( 3)  =  C0HPS114) 

PLOTC)  =  C0MPS(15I 

PL0TI5)  =  C0MPS(2) 

PL0TI6)  =  CnMPS( 16) 
ADD  THESE  VALUES  INTO  THE  INTERVAL  LOCATIONS 

C0MPS(3)  =  C0MPS(3)  ♦  C0MPS(13) 

C0HPSI4I  =  COMPSCi)  ♦  COMPSCl".) 

C0MPS(5)  =  C0MPS(5)  »  CDMPS(15) 

C0MPS(7)  =  CnMPS(7)  ♦  C0MPS(16) 
ZERO  ThfJ)AILY  composite  LOCATIONS 

DO  <.0  N  =  13,  16 
1,0    COMPSIN)  =  0.0 
SEE  IF  THIS  DAY  IS  TO  BE  PRINTED 

IFIMOD  (DATE (2) .NOIVSBL) )  70.50.70 

ADD  THESE  TOTALS  INTO  THE  YEAR-TO-DATE  LOCATIONS,  GET  THE  CHANGE 

IN  THE  RECHARGE  RE(iUI  REMENTS  AND  PRINT  THE  LINE 

50  coMPSiai   =  coMpsiei   ♦  compso) 

C0MPS19)  =  C0MPS(9)  *  COMPSC) 
COMPS(IO)  =  C0MPS(10]  ♦  C0HPS(5) 


COMPS(U)  =  COMPSIll)  »  C0HPS(7 
C0MPS(12)  =  C0MPS(2)  -  YRTOTC) 
CALL  WRITE2  (1H$, COMPSI 

C ZERO  THE  INTERVAL  ACCUMULATING 

DO  60  N  =  3,7 
60  COHPSINl  =  0.0 

C PERFORM  THE  PLOTS  BETWEEN  APRIL 

70  IFIMMDD  -  4011  150.1',0.80 
80  IF(930  -  MMDD)  160,90,150 

C ON  9/30,  STORE  THE  CURRENT  RECH 

C ACCUMULATING  LOCATIONS,  AND  RE 

90  YRTOTI<.)  =  C0HPS(2) 
DO  100  N  =■  8,11 
100  COHPS(N)  =  0.0 

DO  110  N  =  1,NSUB 
no  DREADYIN)  =    0 

C CHECK  THE  YEARS  TO  BE  SURE  ALL 

C PARAMETER  DECK 

IFIDATE(3)  -  YEARS(IYR))  120,13 
120  WRITE  (6,910)  0ATE(3) ,1 YR, I YR.Y 
910  FORMAT(»lTHE  DATA  DECKS  ARE  OUT 
ITER  DECK.   THE  WATER  YEAR  JUST 
2  •.»/•   BUT  SPECIFIED  CONDITION 
3I0N  IS  FOR  19»I2I 
CALL  EXIT 
130  lYR  =  lYR  »  1 

C DOUBLE  SPACE  BETWEEN  YEARS 

CALL  WRITOT  (IHl.YRTOTI 
GO  TO  150 

C ON  "./l.  WRITE  THE  ORDINATE  LINE 

140  WRITE  ( 11.920) 

920  F0RMAT(9X124(1H. I ) 

150  CALL  PLOTTER 

C ZERO  THE  CURRENT  LOCATIONS 

160  COMPSI II  =  0.0 
C0MPS(2)  =  0.0 
GO  TO  10 

C ALL  CARDS  HAVE  BEEN  READ.   IF  A 

C DAY  PROCESSED,  DO  IT  NOW 

170  IFIMOO  (MMDD, NOIVSBL) )  180,190, 
180  C0MPS(8I  =  COMPSO)  ♦  C0MPS(3) 
C0MPS(9)  =  C0MPS(9)  ♦  COMPSCi) 
COMPSdOl  =  COMPS(IO)  »  C0MPS(5 
COMPSIll)  =  COMPS(ll)  •  C0MPS<7 
COMPSI  12)  =  C0MPS(2)  -  YRTOTC) 
CALL  WRITE2  (IHt, COMPSI 

C WRITE  THE  FOOTNOTE  ON  THE  LAST 

190  WRITE  (6,930)  FOOTNOT 
930  FORMATI«0»13A10/1X13A10) 

C RETURN  TO  THE  MAIN  OVERLAY  FOR 

END 


Program  DAILY 


) 

LOCATIONS 
1  AND  SEPTEMBER  30 


ARGE  REOUIREMENT,  ZERO  THE  YEARLY 
SET  THE  DIFFUSION  MODEL  SWITCHES 


DECKS  STILL  CORRESPOND  TO  THE 

0,120 
EARSIIYR) 

OF  PHASE  WITH  THE  WATERSHED  PARAME 

ENDING  (19»I2,»I  IS  DECK  NUHBER«I3, 

CARD  NUHBER^I3,^  FOR  EACH  SUBSTAT 


LINE  WAS  NOT  PRINTED  ON  THE  LAST 
180 

) 
) 


NORMAL  TERMINATION 


OVERLAY  (0LAYS,3,0I 

PROGRAM  DAILY 

C COMPOSITE  DAILY  OUTPUT  -  LOAD  APPROPRIATE  OPERATING  PROGRAM  TO 

C WORK  WITH  THE  SUBROUTINES  IN  THIS  OVERLAY 

COMMON  AIRTEMC(25,6) 

COMMON  CALDEF(25) , CDMAX 125) ,C0VDEN(25I 

COMMON  0REA0YI25) 

COMMON  ENGBAL( 25) , ET ,ETOA I L Y ( 25, 12 ) 

COMMON  FREEWAT(25) 

COMMON  IS0THRM(25,20) 

COMMON  LASTUSD(25) ,LEVEL1,LEVEL2 

COMMON  MMDD 

COMMON  N0AYSN0(25) , NDI VSBL . NSUB, NYE ARS 

COMMON  0NTREESI25) 

COMMON  PE AK PPT (25. 20), PEAK WE ( 25,201 .PHASE ( 25  I .POTENT  I  24) > 
1        PREWE0V(25) 

COMMON  RECHRG(25) 

COMMON  S1MTEM1125.3).SUBID(25,6),SLPASP125,2',) 

COMMON    TC0EFF(25)  ,THRSHLD(25)  .TOPLOTdl) 

COMMON  VEGTYPE(25) 

COMMON  WEIGHT(25) .WSHE0IDI6) 

COMMON  YEARS(20) .YYMHDD 

INTEGER  DREADY 

INTEGER  PHASE 

INTEGER  SUBID 

INTEGER  TOPLOT 

INTEGER  VEGTYPE 

INTEGER  WSH60ID 

INTEGER  YEARS. YYMMOO 

COMMON/MASTER/DATE  I  3 I.TMXMSTR, TMNMSTR, PPTMSTR, PPTONOW,OBSHYOR, 
1  POTRAD.MSTREOF, I YR 

INTEGER  DATE 

COMMON/W»TRBAL/ETFROH,EVAPOTR,GENR0,PRECiP,RAOIN.RADLWN,RADSWN, 
1  TEMPMAX.TEMPMIN.WATERIN 

CALL  OVERLAY  ( 5H0L AYS, 3 .LEVEL  2  I 
C RETURN  TO  THE  MAIN  OVERLAY  TO  TERMINATE  NORMALLY 

END 

Subroutine  NORMS 

SUBROUTINE  N0RM3  (N) 

C THIS  VERSION  OF  THE  NORMAL  SIMULATION  MAINTAINS  ALL  INFORMATION 

C NECESSARY  OF  THE  PRINTING  OF  ONE  LINE  PER  DAY  FOR  THE  WATERSHED 

C COMPOSITE 

COMMON  AIRTEMC(25.6) 

COMMON  CALOEF 125)  .CDMAX (25) .COVOEN I  25) 

COMMON  DREADY(25) 

COMMON  ENG8ALI25) .ET,ETDAILYI25,12) 

COMMON  FREEWAT(25) 
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COMMON  IS0THRM(25,20) 

COMMON  LASTUSD(25l,LevELl.lEVEL2 

COMMON  MMOO 

COMMON  NDAYSN0I251 ,NDI WSBL .NSUB ,NYE »RS 

COMMON  0NIREES(2S1 

COMMON  PeAKPPT125,20l,PEAKWE(25t20),PHASE(25).P0TENT(2'.). 
I        PREWE0VI251 

COMMON  RECHR0(2^I 

COMMON  SIMIEMl (25,JI,SUB10(25,6I,SLP«SP(25.2*I 

COMMON  TC0EFF(251,THRSHLDI25I,T0PL0T( 111 

COMMON  VECTYPEt25l 

COMMON  WEIGHTI2%I tMSHE0ID(6l 

COMMON  VEARS(20) .YYMMOO 

INTEGER  DREAOY 

INTEGER  PHASE 

INTEGER  SUBID 

INTEGER  TOPLOT 

INTEGER  VEGTYPE 

INTEGER  HShEQIO 

INTEGER  YEARS, YYMMOO 

COMMON/CMP  SI  TO /COMPSI 16),YRT0T(51 

COMMON/MASTER /DATE  I  3  I, TMXMSTR,TMNMSTR,PPTMSTR,PPTON0W,OBSHYDR, 
I  POTRAD.MSTREOF.IYR 

INTEGER  DATE 

C0MM0N/PL0TS/PL0TI6I 

COMMON /HA TRBAL/ETF ROM, EVAPOTR.CENRO.PRECIPi RAD IN.RADLWN.RADSHN, 
I  TEMPMAX,TEMPM|N,MATER|N 
C -MAKE  THE  PASS  THROUGH  THE  WATER  BALANCE  ROUTINES 

CALL  MATBAL  ( C ALDEF I N I , CDMAX ( N I ,CQVDEN I N I , DREAOV I N I .ENGBAL I N ) , 

1  FREEHAT(NI,LASTUSD(NI ,NDAYSNO(NI , ONTREES C N 1 , PHASE  I N) , PREWEQV ( S 1 , 

2  RECHRGlNl  .SIMTEMKN,!)  .SIMTEMl  (N,2  I  ,  S  IMIEHl  (  N,  3  I ,  TCOEFFI  N  I , 

3  THRSHL0(N),VEGTYPEIN1 ) 

C CHECK  THE  MANDATORY  ISOTHERMAL  DATE 

IFIYYMHOD  -  ISOTHRMIN.I YRI I  20,10,20 

C TURN  OFF  THE  DIFFUSION  MODEL,  SET  THE  PACK  TO  0  C  AND  ADJUST  THE 

C ENERGY  BALANCE  ACCORDINGLY 

10  DREAOYIN)  =  -I 

ENGBALINI  '    ENGBALINl  ♦  CALOEFIN) 

RADLWN  =    RADLHN  •  CALDEFINI 

CALDEflNI  -  0.0 

C WEIGHT  AND  STORE  THIS  DATA 

20  WT  '  MEIGHTINI 

COMPSIll  =  COMPSIl)  •  ITEMPMAX  •  WTI 

C0MPSt2l  '    C0MPSI2)  ♦  (TEMPMIN  •  WT) 

C0MPS(3I  =  COMPSUI  ♦  (PRECIP  •  WTI 

IFIPREWEQVINI I  40,40,30 
30  COMPSCI  "  C0MPSI4)  ♦  lONTREESINI  •  WT  1 

COMPSISI  -  C0MPS(5I  •  IRADSWN  •  WTI 

C0MPS(6)  »  C0MPS(6)  <  (RADLWN  •  WTI 

COMPSITI  =  C0MPSI7I  »  lENGBALINI  »  WT ) 

COMPSIBl  =  C0MPSI81  •  (CALDEFINI  •  WTI 

C0MPSI9)  -  C0MPS(9I  ♦  (PREWE0V(N1  •  WTI 
40  COMPSIIOI  =  COMPSdOl  «  (WATERIN  •  WTI 

COMPSllll  =  COMPSdll  ♦  (EVAPOTR  •  WTI 

C0MPSI13I  =  C0MPSI13I  ♦  (RECHRGlNl  •  WTI 

C0MPSI14I  =■  COMPSIUl  ♦  (GENRO  •  WTI 

CALL  ETC006  (ETFROM,COMPS I  121  I 

RETURN 

END 

Function  ROUNDF 

FUNCTION  ROUNDF  (SIGNI 

t DETERMINE  THE  SIGN  FOR  ROUNDING 

IFISIGNI  10.20,20 
10  ROUNDF  =  -O.S 

RETURN 
20  ROUNOF  =  0.5 
RETURN 
END 

Subroutine  WRITE3 

SUBROUTINE  WRITE3  (K, COMPSI 

C THIS  VERSION  OF  THE  OUTPUT  ROUTINE  PRINTS  ONE  COMPOSITE  LINE  PER 

C DAY 

COMMON  A1RTEMC(25,6I 

COMMON  CALDEF(25I .CDMAX (2S I ,C0VDENI25I 

COMMON  DREAOY (25  I 

COMMON  ENGBAL (25  I ,ET,ET0AILY(25,12) 

COMMON  FREEWATI25I 

COMMON  IS0THRM(25,20I 

COMMON  LASTUS0I25I,LEVEL1,LEVEL2 

COMMON  MMOO 

COMMON  NOAYSNOI25I ,NDIVSBL,NSUB,NYEARS 

COMMON  ONTREES(25l 

COMMON  PEAKPPTI25,20I,PEAKUE(25,20I.PHASE(2SI,P0TENT(24I. 
1        PREwEav(25l 

COMMON  RECHRG(25I 

COMMON  SIMTEMII2S.3I.SUBIDI29>6I.SLPASPI25.24I 

COMMON  IC0EFF(251.THRSHL0I25I,T0PL0T( 111 

COMMON    VEGTYPE(251 

COMMON  WEIGHTI25I.WSHEDIDI6I 

COMMON  YEARSI 201 .YYMMOO 

INTEGER  DREAOY 

INTEGER  PHASE 

INTEGER  SUBIO 

INTEGER  TOPLOT 

INTEGER  VEGTYPE 

INTEGER  WSHED'O 

INTEGER  YEARS. YYHMDO 

COMMON/FOROATA/  F00TN0T(261 .MAXLINE 

INTEGER  FOOTNOT 

C0MM0N/MASTER/DATE(3I .TMXMSTR.TMNMSTR.PPTMSTR, PPTONOW.OBSHYDR, 


I  POTRAO,MSTREOF,IYR 

INTEGER  DATE 

COMMON / WA TR B AL/ETF ROM, EVAPOTR, GENRO, PRECIP. RAO  I N,R AOL WN,R ADS WN, 
1  TEMPMAX, TEMPMIN, WATERIN 

DIMENSION  COMPSI 161, FROM (7  I, I  TEMPS  I  31 .OUTI 131 ,OUTl ( 7  I 

EQUIVALENCE  ( OUT (  1 1 , OUT  1  I  1  I  I 

DATA  L1NES/-1/ 

DATA  FR0M/3HC   ,3H  S  ,3HCS  ,3H   E,3HC  E,3H  SE,3HCSE/ 


IF(C0MPSI14I.LE.0.01  J 
ITEMPSIll  =  COMPSIll  » 
ITEMPS(2I  =  C0MPS(21  ♦ 
ITEMPSI3I  =  C0MPSI15I 
OUT! II  =  C0MPS(3I 
0UT12I  =  C0MPS(16I 
IFIC0MPS(9I1  10,10,50 
10  0UT1(31  =  COMPS( 101 


"    -1 

ROUNDF  (COMPSdll 
ROUNOF  (COMPSI 21  I 
■    R0UN0F(CaMPSd51  1 


COMPSdll 
FR0MIC0HPSI1211 
C0MPS(13I 
COMPS( 141 


0UT1(4I 
OUTKSl 
0UT1I61 
0UTl(71 
J    =    J    ♦    7 

C DETERMINE    HOW    TO    WRITE    THE    LINE 

lF(K.E0.1Htl    GO    TO    20 

WRITE  (6,9101  K.ITEMPS. (OUTI II 1 ,I=l,jl 
910  F0RMATdxA10,2X3l4,2F6.2,50XF5.2,2XF6.4,2XA3.5XF5.2.6XF5.21 
LINES  =  LINES  -  1 
RETURN 

C CHECK  THE  LINE  COUNTER 

20  IFILINESI  30,30.40 

30  WRITE  16,9201  FOOTNOT, WSHEO I  0 . NSUB 
920  F0RMATI»0»13A10/1X13A10/»1»54X»WATER  BALANCE  SIMULATION*/ 

1  1X6AIO,41X»COMPOSIIE  0F»I3,»  SUBSTATIONS'/ 

2  »0»15x»TEMP  (Fl    PRECIP  IINI   INTERCEPTED   RAO  (CALl  ENG  BAL 

3  SNOWPACK      INPUT   EVAPOTRANS     RECHARGE    GENERATED*/ 

4  5X>DATE       MAX  MIN  AVE    DAY  ACCUM         (INI        SW     LW   (CA 
5L 1     TEMP(CI  MEIINI     IINI   (INI   FROM     REO  IINI   RUNOFF  IIN1*I 

LINES  =  MAXLINE 
40  WRITE  (6,9301  DATE • I  TEMPS, I OUTI I  I  I , I > 1 , J  I 
930  FORMAT (•  •3I3,3X3I4,2F6.2,50XF5.2.2XF6.4,2XA3,5XF5.2,6XF5.2I 
LINES  =  LINES  -  I 
RETURN 

C ALL  THE  INFORMATION  IS  TO  BE  PRINTED 

50  00  60  I  =  3,13 

60  OUTI  II  =  COMPSdUl 

OUTIllI  =  FROM(COHRS( 121 1 
J  =  J  ♦  13 

C DETERMINE  HOW  TO  WRITE  THE  LINE 

IFIK.EO.IHH  GO  TO  70 

WRITE  16,9401  K, I  TEMPS.  lOUTI  I  I . I'l.JI 
940  FORMA  I  (  1XA10,2X3I4,2F6.2,5XF6.4,3X3F6.1,4XF4.1,2XF6.2,?XF5.2,2X 
1  F6.4,2XA3,5XF5.2,6XF5.2I 
LINES  »  LINES  -  I 
RETURN 

C CHECK  THE  LINE  COUNTER 

70  IFILINESI  80,80,90 

80  WRITE  (6,9201  FOOTNOT, WSHEOID, NSUB 

LINES  I  MAXLINE 
90  WRITE  (6,9501  DATE , I  TEMPS , I  OUT  I  I  1 , I- 1 , Jl 
950  FORMA Tl«  •3I3,3X3I4,2F6.2,5XF6.4,3X3F6.1,4XF4.I,2XF6.2,2XF5.2,2X 
1  F6.4,2XA3,5XF5.2,6XF5.21 
LINES  -  1 


LINES  = 
RETURN 


C YEARLY  TOTALS 

C 

ENTRY  WRITOT 

C DETERMINE  HOW  TO  WRITE  THE  LINE 

IF(K.EQ.1H«1  GO  TO  100 
WRITE  (6,9501  K, ICOHPSl I  1 .1  =  1.51 
960  F0RMAT(lXAl0,20XF6.2,49XF6.2,Fe.4,9XF6.2,4XF7.2/l 
LINES  =  LINES  -  2 
RETURN 

C CHECK  THE  LINE  COUNTER 

100  IFILINESI  110,110,120 

110  WRITE  15.9201  FOOTNOT, WSHEDID.NSUB 

LINES  =  MAXLINE 
120  WRITE  16,9701  DATE.  (COMPSd  1  ,1-1,51 
970  FDRMATI»OTOTALS  THR0UGH»3 I  3 , 7XF6.2 , 49XF6. 2, F8.4, •   ICHNG  =»F6.2,«1 
1«3XF7.2/ 1 
LINES  =  LINES  -  3 
RETURN 
END 


Program  DAILYO 


OVERLAY  (0LAYS,3.1I 
PROGRAM  DAILYO 

C DAILY  COMPOSITE  OUTPUT,  NO  ALTERNATIVES 

COMMON  AIRTEMC(25,5I 

COMMON  CALOEF(251,COMAX(25l,COVDENI25l 

COMMON  DREADYI25I 

COMMON  ENGBAL (25 l,ET,ETOAILYI 25, 121 

COMMON  FR£EWAT(25I 

COMMON  ISOIHRM(25,2DI 

COMMON  LASTUSD(25I ,LEVEL1,LEVEL2 

COMMON  MMDD 

COMMON  N0AYSN0I251 , NDI VSBL ,NSUB, NYE ARS 

COMMON  0NTREES(25I 

COMMON  PEAKPPT(25,20I,PEAKWE(25,20I,PHASE(251.P0TENT(24I, 

1        PREWE0V(25I 
COMMON  REChRC(25I 

COMMON  SIMTEMl I  25, 3 1. SUBID I  25, 5  I, SLPASPI 25, 24 1 
COMMON  TC0EFF(251 , THRSHLOI 25  I . TOPLOT ( 111 
COMMON  VEGTYPE(251 


22 


COMMON  WEIGHTI 25) ,WSHE0I0(6I 

COMMON  YEARSIZO) .YYMHDO 

INTEGEK  ORESDV 

INTEGER  PHASE 

INTEGER  SUBID 

INTEGER  TORIOT 

INTEGER  VEGTYPE 

INTEGER  WSHEDIO 

INTEGER  YEAKSiYYHMDO 

C0MH0N/CMPSITU/C0MPS!16I ,YRT0T(5I 

COMMON/ FORDAT A/  FOOT  NOT  I  26  I .HAXLINE 

INTEGER  FOOTnOT 

COMMON /MASTER /DATE  I  31 , TMXMSTR , TMNMSTR, PPTMSIR . PPTONOW , OBSHYOR , 
I  POTRAD.MSTREOF.IYR 

INTEGER  DATE 

COMMON /PLOTS/ PLOT! 11  I 

C0MMON/UATRflAl/ETFROH,EVAPOTR,GENRO,PRECIP,RAOIN,RADLHN,RADSWN, 
1  TEMPMAX.TEHPMIN.HATERIN 

INTEGER  F0QTNTEI26) 

DATA  F00TNTE/260HN0RMAL  SIMULATION  ONLY 

2 
3 

C DEFINE  THE  FOOTNOTE 

DO  1  N  =  1.26 
I  fOOTNOTINI  =  FOOTNTEINI 
C MAXLINE  =  52  -  NUMBER  OF  ALTERATIONS 

MAXLINE  =  52 
C WRITE  THE  FOOTNOTE  ON  THE  "LOT 

WRITE     111,900)     FOOTNOT 
900    F0RMAT(/»0«13A10/1XHA10//) 

C READ  A  MASTER  CARD 

10    CALL    RDMSTR 

IFIMSTREOF)  20,20,130 

C GENERATE  THE  DATA  AND  PERFORM  THE  SIMULATIONS  FOR  EACH  SUBSTATION 

20  DO  30  N  =  1,NSUB 

CALL  GENDATA  (N) 

CALL  N0RM3  (N) 
30  CONTINUE 
C WRITE  OUT  THE  COMPOSITE  LINE 

C0MPS(15)  =  (CUMPSIll  ♦  CDMPSI2))  •  0.5 

C0MPSI16)  =  CDMPSI16)  ♦  C0MPSI3I 
C CONVERT  THE  CALORIE  DEFICIT  TO  A  PACK  TEMPERATURE 

IFIC0MPSC9).NE.0.0)  COMPSISl  -  -  COMPS ( 8 )/ ( COMP S I  9 )  •  1.27) 

CALL  WRITE3  llHt, COMPS) 
C ADD  THESE  VALUES  INTO  THE  YEARLY  TOTALS 

YRT0TI2)  =  YRTQTI2)  •  COMPSIIO) 

YRT0T(31  =  YRT0TI3)  »  COMPS(ll) 

YRT0TI5)  >  YRT0TI5)  ♦  COMPSIl'i) 
C STORE  THE  INFORMATION  FOR  THE  PLOTS 

PLOT(l)  =  OBSHYDR 


PL0TI2)  =  C0MPSI9I 
PL0TI3)  -  COMPSIIO) 
PLOTC)  =  COMPSUl) 
PL0T(5)  =  C0MPSI13I 
PL0T(6)  =  COMPSIl*) 

C PERFORM  THE  PLOTS  BETWEEN  APRIL  1  AND  SEPTEMBER  30 

IFIMHOD  -  401)  110,90,40 
40  IF1930  -  HMOD)  110,50,100 

C ON  9/30,  PRINT  THE  YEARLY  TOTALS.  ZERO  THE  ACCUMULATED  PRECIP  AND 

C RESET  THE  DIFFUSION  MODEL  SHI (CHES 

50  YRTOTIl)  =  C0MPS(16) 

YRT0T(4)  =  C0MPS(13)  -  YRT0T(4) 
CALL  WRIIOT  llHt,YRTOT) 
YRT0T(4)  =■    COMPSI  13) 
YRT0T(2)  I  0.0 
YRT0TI3)  =  0.0 
YRT0T(5)  =  0.0 
COMPSdb)  =  0.0 
DO  60  N  =  l.NSUB 
60  OREADY(N)  =  0 

C CHECK  THE  YEARS  TO  BE  SURE  ALL  DECKS  STILL  CORRESPOND  TO  THE 

C PARAMETER  DECK 

IF(DATEI3)  -  YEARSIIYR))  70.80,70 
70  WRITE  16.910)  DATEI 31, lYR, lYR.YEARSI I YR) 
910  FORMATItlTHE  DATA  DECKS  ARE  OUT  OF  PHASE  WITH  THE  WATERSHED  PARAME 
ITER  DECK.   THE  WATER  YEAR  JUST  ENDING  (19»I2,»)  IS  DECK  NUMBER»I3. 
2  »,•/•   BUT  SPECIFIED  CONDITIONS  CARD  NUMBER«13.«  FOR  EACH  SUBSTAT 
3I0N  IS  FOR  19«I2) 
CALL  EXIT 
80  lYR  =  lYR  ♦  1 
GO  TO  100 

C ON  4/1,  WRITE  THE  ORDINATE  LINE 

90  WRITE  111,920) 
920  F0RMATI9X12411H. ) ) 

C PERFORM  THE  PLOT.  THEN  ZERO  THE  COMPOSITE  LOCATIONS 

100  CALL  PLOTTER 
no  DO  120  N  =  1,14 
120  COHPS(N)  -  O.D 
GO  TO  10 

C ALL  CARDS  HAVE  BEEN  READ.   IF  IHE  DECK  ENDED  ON  9/30.  ALREADY 

C CAUSING  THE  WATER  YEAR  TOTALS  TO  PRINT,  JUST  END  THE  JOB.   BUT  ON 

C ANY  OTHER  DAY,  PRINT  OUT  THE  YEAR  TO  DATE  TOTALS  HERE 

130  IFIMMDD  -  930)  140,150.140 
140  YRTOTI  1  I  =  COMPSI 161 

YRT0T(4I    =    PL0T(5)     -    YRTOTU) 
CALL    WRITOT     llHt,YRTOT) 

C WRITE  THE  FOOTNOTE  ON  THE  LAST  PAGE 

150  WRITE  (6,930)  FOOTNOT 
930  F0RMATI«0«13A10/1X13A10) 

C RETURN  TO  THE  MAIN  OVERLAY  FOR  NORMAL  TERMINATION 

END 
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Abstract 

Containerized  seedlings,  grown  in  a  newly  developed,  con- 
trolled environment  greenhouse,  can  substantially  reduce  the  time 
required  to  produce  high  quality  seedlings,  improve  seedling  sur- 
vival rates  in  outplantings,  and  reduce  net  reforestation  and  affor- 
estation costs.  Plantable  containerized  stock  can  be  produced  in  a 
greenhouse  in  1  year  as  compared  to  2  years  for  bare-root  nursery 
stock  and  3  years  for  potted  seedlings.  Moreover,  the  survival  rate 
in  outplantings  for  containerized  seedlings  is  expected  to  be  equal 
that  for  potted  stock  and  almost  twice  that  for  bare-root  stock.  As 
a  result,  the  costs  per  thousand  surviving  trees  are  estimated  to 
be  S460  for  2-0  bare-root  stock,  $441  for  2-1  potted  stock,  and  $393 
for  containerized  greenhouse  seedlings.  An  equation  is  presented 
for  determining  the  cost  per  thousand  trees  and  for  comparing 
between  systems. 

Oxford:     232.329.6:651.72.     Keywords:     Reforestation,  planting  (for- 
est), nursery  stock  (forestry),  regeneration  (economic  evaluation). 
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Economics  of  Containerized  Conifer  Seedlings 


Marilyn    K.    Colby    and    Gordon    D.    Lewis 


Bare-root  conifer  seedlirigs  grown  in  con- 
ventional forest  tree  nurseries  are  used  in  most 
reforestation  efforts  in  the  Rocky  Mountain 
region.  Bare-root  stock  is  easy  to  handle  and 
plant,  and  is  relatively  inexpensive  to  produce, 
but  survival  can  be  a  problem  in  the  varied 
climatic  and  topographic  conditions  found  in 
the  West. 

The  major  problems  relating  to  the  produc- 
tion and  use  of  nursery  grown  bare-root  stock 
involve  time  and  survival.  Because  it  takes  2  to 
3  years  to  grow  nursery  stock,  the  demand  for 
seedlings  must  be  predicted  several  years  ahead. 
The  long  period  in  the  nursery  also  exposes  the 
seedlings  to  adverse  weather,  and  disease  and 
insect  damage  while  in  the  seedbed,  and  lifting 
and  storage  must  be  coordinated  with  the  length 
of  the  planting  season,  potential  moisture,  and 
site  conditions. 

Bare-root  seedlings  suffer  root  damage  dur- 
ing lifting,  and  a  drastic  change  in  environment 
during  lifting,  packing,  storage,  transporting, 
and  transplanting.  These  shocks  adversely  af- 
fect initial  survival  and  growth  rates  after 
outplanting. 

Potting  procedures  have  been  devised  in 
an  effort  to  improve  survival  under  adverse  soil 
and  climate  conditions  on  the  planting  site. 
Trees  are  lifted  from  the  seedbeds  or  transplant 
beds  as  small  baie-root  seedlings,  placed  in  tar- 
paper  pots  filled  with  soil  or  other  suitable 
potting  materials,  and  allowed  to  grow  for  an 
additional  year  or  more.  The  potted  seedlings 
are  then  outplanted,  container  and  all. 

The  primary  benefits  of  potting  have  been 
increased  survival  and  growth  rates  of  newly 
planted  trees  since  the  roots  are  not  divested  of 
soil.  Potting  seedlings  is  relatively  expensive, 
however,  and  the  other  problems  of  growing 
nursery  seedlings  remain.  In  addition,  trans- 
portation and  planting  costs  may  be  significantly 
increased. 

A  process  for  growing  containei-ized  conifer 
seedlings  in  greenhouses  is  currently  being 
explored  to  offset  the  disadvantages  of  nursery 
operations.  The  seeds  are  placed  directly  into  a 
container  with  growing  media,  and  germinated 
and  grown  under  some  form  of  enclosed  envi- 
ronmental   regulation.     These     environmental 


systems  may  range  from  simple  regulation  of 
heating  and  ventilation  to  careful  control  of 
heating  and  cooling,  special  lighting  to  prevent 
dormancy,  a  carbon  dioxide  enriched  atmos- 
phere, mycorrhizal  inoculation,  and  automatic 
watering  and  fertilizing.' 

The  containerized  greenhouse  seedling 
system  solves  many  of  the  traditional  nursery 
problems.  Trees  are  protected  from  weather, 
and  the  disease  and  insect  problems  normally 
encountered  in  the  open  atmosphere  can  be 
controlled.  The  greenhouse  site  may  be  selected 
with  more  regard  for  convenient  location  than 
for  climate,  topography,  or  soil.  Size  of  area  is 
not  too  important,  since  1  acre  can  support  1 
million  trees  or  more.  Estimated  capacity  of  a 
greenhouse  structure  120  by  34  feet  is  110,000 
seedlings  in  large  (2-  by  2-  by  8-inch)  con- 
tainers. Since  greenhouse  operations  can  be 
highly  mechanized,  the  importance  of  labor 
supply  and  labor  costs  are  diminished. 

Container  systems  are  capable  of  producing 
trees  quickly,  and  do  not  entail  prediction  of 
demand  several  years  hence.  Depending  on  the 
type  of  system,  conifer  seedlings  grown  in 
greenhouses  may  be  ready  for  outplanting  in 
less  than  one-third  the  time  required  for  those 
grown  in  conventional  nurseries.  Survival  and 
growth  rates  are  usually  improved  over  those 
for  bare-root  stock,  especially  on  adverse  sites 
for  early-  or  late-season  planting. 

The  principal  drawback  to  the  greenhouse 
system  is  that  production  costs  are  higher  than 
those  for  bare-root  stock.  For  a  simple,  open 
system  the  difference  may  be  slight,  but  for  the 
closed  greenhouse  system,  production  costs  per 
thousand  plantable  trees  may  exceed  those  for 
bare-root  stock  by  a  factor  of  two  or  three. 
Transportation  costs  also  increase,  because  the 
containers  and  growing  media  are  shipped  along 
with  the  trees.  Planting  costs  may  be  greater, 
smaller,  or  remain  the  same,  depending  on 
methods  and  planting  sites. 


2 

Much  oj  the  experimental  work  with  the  closed 
greenhouse  system  has  been  done  by  Richard  W.  Tinus, 
Rocky  Mountain  Forest  and  Range  Experiment  Station, 
Bottineau,  North  Dakota. 


The  problem,  then,  is  to  choose  among 
systems  for  growing  stock  for  outplanting.  Bare- 
root  nursery  stock  is  cheaper  to  produce,  but 
has  several  drawbacks.  Potting  improves  sur- 
vival and  growth  rates,  but  is  more  costly. 
Containerization  eliminates  most  of  the  diffi- 
culties associated  with  nursery  production,  but 
is  also  more  expensive. 

This  Paper  will  compare  relative  costs  of 
the  three  methods  in  terms  of  planting  condi- 
tions in  the  Rocky  Mountains.  Although  it  is 
not  possible  to  quantify  all  the  elements  in- 
volved, many  of  the  most  important  factors  can 
be  stated  in  terms  of  dollars.  There  will  be  four 
primaiy  areas  of  consideration:  the  cost  of 
producing  seedlings,  transportation  costs, 
planting  costs,  and  suivival  rates.  All  initial 
costs  are  based  on  1,000  plantable  trees. 

Factors  Considered 
Costs  of  Production 

The  costs  of  seedling  production  can  be 
divided  into  two  major  categories,  direct  and 
indirect.  Direct  costs  for  the  bare-root  nursery 
include  seedbed  preparation  and  seeding,  weed- 
ing, fertilization,  irrigation,  lifting  and  packing, 
cold  storage,  and  all  other  costs  directly  con- 
nected with  tree  production.  For  potted  stock, 
the  cost  would  also  include  labor  for  potting 
and  potting  materials.  Direct  costs  of  greenhouse 
production  would  include  those  for  containers, 
growing  media,  fertilizer,  water,  electricity,  gas, 
greenhouse  maintenance,  and  labor  associated 
with  the  setup  and  maintenance  of  the  operation. 
The  primary  differences  between  the  nursery 
and  greenhouse  systems  are  that  (1)  the  nursery 
system  is  more  labor  intensive,  with  a  large 
amount  of  the  cost  attributable  to  wages,  and 
(2)  in  the  greenhouse  system,  utilities  which 
maintain  the  controlled  environment  account 
for  most  of  the  costs. 

Indirect  costs  consist  mainly  of  administra- 
tion and  depreciation  of  facilities.  There  is  no 
reason  to  believe  that  administration  will  vary 
greatly  among  the  systems.  The  capital  invest- 
ment for  the  greenhouse,  associated  structures, 
and  equipment  is  high,  and  as  a  result,  depreci- 
ation per  thousand  plantable  trees  is  relatively 
high.  In  the  West,  however,  containerized  seed- 
lings are  held  for  a  year  or  less,  as  opposed  to 
2  or  3  years  for  bare-root  and  potted  trees. 
Accumulated  depreciation  attributed  to  nursery 
stock  may  therefore  approach  the  amount  as- 
cribed to  greenhouse  seedlings. 

Total  production  costs  of  containerized 
seedlings  may  vary  from  little  more  than  bare- 
root  stock  up  to  three  times  as  much. 


Transportation  Costs 

Transportation  costs  of  containerized  stock 
increase  with  the  size  of  container,  because  con- 
tainers and  growing  media  are  transported  along 
with  the  seedlings.  For  instance,  a  large  tractor- 
trailer  can  carry  300,000  to  500,000  bare-root 
seedlings,  but  only  between  17,000  and  20,000 
large  potted  seedlings.  Shipping  costs  per  tree 
for  large  (2-  by  2-  by  8-inch)  containerized  or 
potted  stock  are  estimated  to  run  from  $0.02  to 
$0.10  per  tree  ($20  to  $100  per  thousand). 
Shipping  costs  for  bare-root  stock  are  less  than 
$0,005  per  tree  ($1  to  $5  per  thousand). ^  Al- 
though absolute  transportation  costs  vary 
directly  with  distance  from  nursery  to  planting 
site,  relative  cost  differences  between  types  of 
stock  should  be  similar  regardless  of  hauling 
distance. 

Where  planting  jobs  are  relatively  small, 
transportation  costs  for  bare-root  stock  may  be 
relatively  higher.  For  instance,  at  a  spacing  of 
680  trees  per  acre,  a  truckload  of  300,000  bare- 
root  seedlings  should  be  enough  to  plant  440 
acres.  Shipment  of  fewer  trees  in  the  same 
vehicle  would  increase  transportation  cost  per 
thousand  trees. 


Planting  Costs 

Large  variations  in  planting  costs  have  been 
noted  for  both  bare-root  and  containerized  seed- 
lings. Excluding  site  preparation,  hand  planting 
of  bare-root  seedlings  has  cost  as  little  as  $30 
per  thousand  in  Colorado,  and  more  than  $300 
per  thousand  in  Wyoming.  Reported  costs  of 
hand  planting  containers  run  from  $15  per 
thousand  to  $100  per  thousand  seedlings,  with 
the  higher  cost  attributable  to  the  larger  con- 
tainers. 

Costs  on  National  Forest  sites,  which  may 
be  expected  to  run  somewhat  higher,  have  been 
about  the  same  for  hand  planting  both  bare-root 
stock  and  containers  under  similar  conditions. 

Costs  for  machine  planting  the  two  types  of 
seedlings  are  very  similar.  A  tree  planter  is 
easily  adapted  to  containerized  stock,  especially 
where  the  seedlings  are  removed  from  the  con- 
tainers as  they  are  planted  ("plug"-type 
seedlings). 


Tninsporlalion  cost  e.slliiiatcs  were  determined  jroni 
information  J unii.^hcd  by  Marvin  D.  Straehan,  Colorcidn 
State  Forest  Service,  Fort  Collins,  Colorado;  Richard  U 
Tinas,  Rocky  Mountain  Forest  and  Range  Experiment 
Station,  Bottineau,  North  Dakota;  John  A.Adams,  U.S. 
Forest  Service,  RS,  Atlanta,  Georgia;  andC.D.McAninch, 
U.S.  Forest  Service  R-2,  Denver,  Colorado. 
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Survival  Rates 


Production  Costs 


Survival  rates  probably  give  the  most  valu- 
able comparison  between  the  various  types  of 
seedling  production.  High  initial  survival  rates 
will  result  in  a  well-stocked  stand  sooner,  and 
will  reduce  or  eliminate  replanting  costs. 

In  most  cases,  greenhouse  seedlings  survive 
better  than  bare-root  seedlings,  particularly  on 
adverse  sites  and  under  difficult  planting  con- 
ditions. For  instance,  in  Montana,  August 
plantings  of  bare-root  ponderosa  pine  are  usually 
total  failures,  while  first-year  survival  of  con- 
tainerized stock  may  be  almost  90  percent. < 
Poor  survival  of  bare-root  seedlings  would  re- 
quire replanting  to  achieve  the  minimum 
acceptable  svu-vival  rate. 

Some  increased  giowth  is  also  realized  the 
first  year  or  two  with  container  stock,  but  there 
is  little  advantage  after  the  trees  are  reasonably 
well  established. 


A  Comparative  Example 

To  evaluate  the  cost  relationships,  a  com- 
parison was  drawn  for  ponderosa  pine  raised 
under  three  different  systems.  The  three  types 
of  stock  are  2-0  bare-root  stock,  grown  at  the 
USDA  Forest  Service's  Mount  Sopris  Nursery  at 
Carbondale,  Colorado;  2-1  potted  stock  of  the 
type  produced  by  the  Colorado  State  Forest 
Service  Nursery  at  Fort  Collins,  Colorado;  and 
containerized  seedlings  of  the  type  to  be  pro- 
duced in  a  greenhouse  planned  for  the  Mount 
Sopris  Nursery. 

A  2-0  bare-root  seedling  was  defined  as  one 
which  has  spent  2  years  in  the  seedbed,  and 
has  had  the  soil  removed  from  the  roots  at  the 
time  of  lifting  for  outplanting.  A  2-1  potted 
seedling  has  been  grown  in  the  seedbed  for  2 
years,  then  lifted  and  placed  in  a  pot,  where  it 
has  remained  1  year.  A  1-0  greenhouse  contain- 
erized seedling  has  been  seeded  directly  into 
its  container  and  grown  under  controlled  con- 
ditions for  1  year.  A  plug-type  containerized 
seedling  is  removed,  with  root  ball  intact,  from 
the  container  immediately  before  planting. 

A  3-0  bare-root  seedling  is  approximately 
the  same  size  as  2-1  potted  stock  and  1-0  green- 
house stock.  However,  no  3-0  ponderosa  pine 
is  used  in  the  Rocky  Mountain  Region  (Region 
2,  USDA  Forest  Service),  as  2-0  bare-root  stock 
appears  to  have  better  survival  and  a  better 
top/root  ratio. 


Costs  of  producing  2-0  bare-root  stock  were 
based  on  cost  determinations  for  Mount  Sopris 
Nursery  for  fiscal  years  1971  and  1972.  Costs 
were  broken  down  on  a  year-by-year  basis  and 
compounded  at  5  percent  annually  to  incorporate 
the  length  of  growing  period.  No  allowance  was 
made  for  inflation. 

Costs  of  producing  2-1  potted  stock  were 
based  on  information  obtained  from  Marvin 
Strachan,  Colorado  State  Forest  Service  Nursery. 
Costs  were  compounded  at  5  percent  annually 
to  incorporate  the  length  of  growing  period. 
No  allowance  was  made  for  inflation. 

Greenhouse  production  costs  were  based  on 
a  1-year  cycle  in  the  proposed  structure  for  the 
Mount  Sopris  Nursery.  Setup  and  operating  costs 
for  the  cycle  were  derived  from  records  for  a 
smaller  experimental  greenhouse  operated 
during  1971-72  by  the  Rocky  Mountain  Forest 
and  Range  Experiment  Station,  Bottineau,  North 
Dakota.   Costs   are   detailed  in  tables  1  and  2. 


Transportation  Costs 

Transportation  costs  for  bare-root  seedlings 
were  approximated  from  Mount  Sopris  costs  for 
fiscal  year  1972.  For  potted  seedlings,  the  trans- 
portation costs  were  an  average  of  estimates 
from  various  sources.  They  indicate  that  the 
cost  is  5  to  25  times  higher  for  potted  seedlings 
than  for  bare-root  stock. 

Transportation  costs  of  containerized  seed- 
lings were  assumed  to  be  basically  the  same  as 
for  potted  seedlings,  as  the  containers  are  about 
the  same  size.  Because  the  plug-type  seedlings 
are  moved  in  blocks  of  containers,  however,  and 
up  to  20  percent  of  the  containers  may  not  con- 
tain a  plantable  seedling,  transportation  costs 
per  plantable  seedling  were  somewhat  higher 
than  for  the  potted  stock. 


Planting  Costs 

Planting  costs  for  bare-root  stock  were  based 
on  average  contract  costs  for  Region  2,  USDA 
Forest  Service.  Because  no  data  were  available 
for  container  planting  in  the  Region,  planting 
costs  were  assumed  to  be  slightly  higher  for 
container  and  potted  stock  due  to  bulk  and 
weight. 


Survival  Rates 


Correspondence  with   Wayne  Hite,  Anaconda  Forest 
Products,  Bonner,  Montana. 


Survival  rates   were  based  on  unpublished 
information    on    file   in  Timber    Management 


Table  1 . --Projected  capital  cost  and  depreciation  for  proposed  greenhouse 

at  USDA  Forest  Service  Mount  Sopris  Nursery,  Carbondale,  Colorado^ 


Total 
cost 

Deprec  iat 

ion  per-- 

Item 

1  ,000 

plant- 

Year  2 

able 

trees^ 

Mechanical -electrical  systems: 

Pad  cool ing  system 

$  2,800 

$ 

80.00 

$  0.91 

Exhaust  fan  system 

1  ,050 

30.00 

.3'* 

Heating  system 

3,800 

108.57 

1.23 

Watering  system 

1,500 

^♦2.86 

.^s 

Lighting  system 

2,600 

7'*. 29 

.8k 

CO2  generator  system 

150 

^4.29 

.05 

Controls  and  wiring 

'♦.OOO 

11^.29 

1.30 

Total 

15,900 

^S'^.30 

5.16 

Greenhouse 

18,000 

514.29 

5.8i» 

Uti 1 ities 

1,500 

ki.se 

.1*3 

Bui  Id  ings'* 

-- 

220.00 

2.50 

Total 

$35,^00 

$1 

l,231.'<5 

$13.99 

^Proposal  is  a  modification  of  a  greenhouse  project  designed  for  the 
State  of  Kansas  by  Region  2,  USDA  Forest  Service. 

Depreciation  for  fiberglass  greenhouse  structure  and  associated  equip- 
ment was  calculated  by  straight-line  method  over  a  35"year  life. 

^Estimated  greenhouse  capacity  is  110,000  trees,  80  percent  of  which 
are   plantable  at  end  of  cycle. 

Existing  buildings  will  perform  functions  of  headhouse;  depreciation 
for  buildings  was  determined  by  Region  2,  USDA  Forest  Service. 


Research,  Rocky  Mountain  Forest  and  Range 
Experiment  Station,  Fort  Collins,  Colorado,  and 
Anaconda  Forest  Products,  Bonner,  Montana. 
The  survival  rate  for  bare-root  stock  in  the 
Rocky  Mountain  region  is  most  likely  to  fall 
somewhere  between  25  and  50  percent,  perhaps 
somewhat  higher  on  the  better  sites.  In  general, 
it  appears  that  large  greenhouse  seedlings  and 
potted  stock  both  survive  better  than  bare-root 
seedlings,  especially  under  adverse  conditions. 


Cost  of  Surviving  Trees 

In  this  example,  the  cost  of  producing  2-0 
bare-root  stock  was  S52.18  per  thousand  (table 
3);  that  of  producing  2-1  potted  stock  was  much 


higher  at  $197.12  per  thousand;  and  the  cost  of 
greenhouse  seedlings  was  intermediate  at 
$145.81  per  thousand.  These  were  costs  per 
thousand  plantable  trees,  and  included  an  allow- 
ance for  losses  in  the  nursery  or  greenhouse. 

Transportation  charges  were  much  higher 
for  potted  and  containerized  seedlings,  due  to 
the  transportation  of  bulky  pots  and  soil  (table 
3).  This  difference  would  become  more  pro- 
nounced the  farther  the  hauling  distance,  and 
would  be  one  argument  for  locating  a  green- 
house in  an  area  reasonably  close  to  prospec- 
tive planting  sites.  This  choice  is  not  always 
possible    when  bare-root  stock  is  considered. 

The  third  major  category  in  table  3  is  site 
preparation  and  planting.  Region  2,  USDA 
Forest  Service,  estimates  average  contract  costs 
for  this  operation  to  be  $0.12  per  seedling,  with 


Table  2 . --Projected  cost  of  tree  production  for  proposed  greenhouse  at 
Mount  Sopris  Nursery,  Carbondale,  Colorado^  (labor  was 
estimated  at  $3  per  hour  for  all  activities) 


I  tern 


Costs 

per-- 

1 -year 

1,00C 

plant- 

cycle 

able 

trees^ 

$  3,300 

$  37.50 

935 

10.62 

2k0 

2.73 

515 

5.85 

375 

'».26 

1,325 

15.06 

6,690 

76.02 

1,800 

lO.kS 

1 ,200 

13.6i» 

1,500 

17.05 

360 

A. 09 

50 

.57 

Setup : 

Conta  i  ners 
Container  assembly 
Peat  and  perl i  te 
Ferti 1 i  zer 
Replace  fiberglass 
Fill,  seed ,  transfer 

Total 


Operation : 

Electrici  ty 
Fuel 
Repai  rs 
Routine  care 
Emergency  care 

Total 


^,910 


55.80 


Total    direct    cost 
Depreciat  ion 


Total    cost 


11 ,600 
1,231 


$12,831 


131 .82 
13.99 


$1^45.81 


^Estimated    from    figures    furnished    by   Richard   W.    Tinus,    Shelter- 
belt    Laboratory,    Rocky  Mountain   Forest   and    Range    Experiment    Station, 
Bottineau,    North   Dakota,    for   a    pilot   model    greenhouse,    and    from 
specifications   for    the   Kansas   project. 

88,000    trees    (80   percent   of  capacity)    assumed   plantable. 
The   containers   considered    here   are    serviceable    for   only  one 
cycle;    cost   would   decrease    if    reusable  containers   are   employed. 
''See    table    1  . 


an  additional  cost  of  $30  per  thousand  seedlings 
for  contracting  and  supervision.  This  results  in 
a  total  cost  of  $150.00  per  1,000  seedlings  for  site 
preparation  and  hand  planting  for  bare-root 
stock.  No  estimates  were  available  for  planting 
costs  of  containerized  stock  in  Region  2.  How- 
ever, the  Colorado  State  Forest  Service  estimates 
that,  because  potted  and  containerized  stock  is 
bulkier  and  heavier  to  handle,  planting  costs 
should  be  about  $20.00  per  1,000  seedlings  more 
than  those  for  bare-root  stock.  Site  preparation 
costs  are  the  same  for  both  types  of  planting 
stock. 

Total  cost  per  thousand  trees  planted  was 
determined  by  adding  production  cost,  trans- 


portation cost,  and  planting  cost  (table  3).  For 
bare-root  stock,  the  figure  was  $207.18;  for 
potted  stock,  $397.12;  and  for  greenhouse  seed- 
lings, $353.31. 

The  comparative  benefits  of  the  three 
methods  were  measured  as  survival  rates.  By 
dividing  the  appropriate  survival  figure  into 
cost  per  thousand  planted  trees,  cost  per 
thousand  surviving  trees  was  determined.  On 
the  basis  of  table  3,  the  greenhouse  seedling 
had  the  lowest  cost  per  surviving  thousand 
trees,  $392.57.  Potted  seedlings  were  more  ex- 
pensive at  $441.24  per  thousand,  and  bare-root 
stock  had  the  highest  price  at  $460.40  per 
thousand. 


Table  3. ""Relative  costs  for  establishing  ponderosa  pine  2-0  bare-root, 
2-1  potted,  and  1-0  greenhouse  stock 


Type  of  cost 


Cost  or  rate  per  thousand  plantable  trees^ 


2-0   Bare-root 


2-1    Potted 


1 -0  Greenhouse 


Production  costs:^ 


1st  (seed)  year 

$  20.15 

$  30.87 

2nd  year 

13.35 

26.25 

3rd  (potting)  year 

-- 

100.00 

Lift  (sort)  year 

18.68 

40.00 

Total 


52.18 


197.12 


Sl^iS.Bl 


\k5.S\ 


Transportation  costs 

5.00 

30.00 

37.50 

Site  preparation  and 
planting  costs 

150.00 

170.00 

170.00 

Total  cost  of 
trees  planted 

207.18 

397.12 

353.31 

Survival  rate 

45 

percent 

90 

percent 

90 

percent 

Cost  per  thousand 
surviving  trees 

$460.40 

$441.24 

$392.57 

^Al 1  costs  incurred  during  the  growing  season  are  prorated  to 

plantable  trees.   Sources  of  data  are  discussed  in  text. 

^For  comparison,  all  production  costs  were  compounded  at 

5  percent  per  year  to  year  of  planting. 


A  Comparative  Equation 

The  same  general  procedure  used  to  con- 
struct table  3  can  be  applied  to  any  specific 
instance  where  greenhouse  production  is 
considered  in  competition  with  nursery  stock. 
If  all  four  items  (cost  of  production,  transporta- 
tion cost,  planting  cost,  and  survival  rate)  are 
known  or  can  be  approximated,  the  best  system 
can  be  determined  by  a  simple  formula: 


X,= 


Pr,  -I-  T,   +  P, 


>  P^2  +  T,  +  P, 

<  c  -  ^: 


[1] 


T  =  Transportation  cost  per  thousand  plantable 

seedlings  from  production  site  to  planting 

site. 
P  =  Site   preparation    and    planting    cost    per 

thousand  trees. 
S    =  Survival  rate  of  trees  planted,  preferably 

at  the  time  trees  are  considered  established. 

1  =  Data  for  the  greenhouse  system. 

2  =  Data  for  any  alternative  system. 

If  X,  is  less  than  X2 ,  the  greenhouse 
system  is  less  expensive. 

Using  the  figures  for  bare-root  and  green- 
house stock  in  table  3,  the  analysis  would  be: 


X, 


$145.81  +  37.50  +  170.00 
0.90 


where 


X  =  Total  cost  per  thousand  surviving  trees. 

Pr=  Production  cost  per  thousand  plantable 
seedlings,  including  depreciation  and  over- 
head. To  account  for  length  of  holding 
period,  compound  annual  costs  incurred 
prior  to  the  planting  year  at  an  appropriate 
interest  rate. 


>  52.18 
< 


X, 


5.00  -I-  150.00 


0.45 


=  X, 


392.57  <   460.40 


A  change  in  any  of  the  four  major  factors 
will  affect  the  relationship  between  the  methods. 
Suppose  that  for  a  particular  project  all  costs 
are  the  same  as  those  in  table  3,  except  that 
planting  costs  of  potted  and  greenhouse  stock 
are  estimated  at  $200  per  thousand,  and  because 
the  site  is  more  favoi'able,  the  survival  rate  is 
estimated  to  be  65  percent  for  bare-root  stock 
and  95  percent  for  potted  and  greenhouse  stock. 
Under  these  conditions,  potted  stock  would  be 
the  most  expensive  at  $449.60  per  thousand, 
greenhouse  seedlings  would  be  cheaper  at 
$403.48  per  thousand,  but  bare-root  stock  would 
be    the    least    costly   at  $318.74  per  thousand. 

The  magnitude  of  the  difference  between 
two  systems  is  important.  Where  the  difference 
is  small,  a  minute  change  in  any  one  factor 
could  reverse  the  result,  and  nonmonetary  con- 
siderations would  influence  the  decision.  On  the 
other  hand,  if  the  difference  was  large,  condi- 
tions would  have  to  be  altered  greatly  to 
change  the  cost/benetit  outcome. 

If  any  one  of  the  factors  is  unknown,  a 
break-even  value  can  be  determined.  Given  the 
following  costs  per  thousand  surviving 
seedlings: 

Greenhouse       Bare-root 


Production 

$150 

$50 

Transportation 

50 

5 

Planting 

100 

75 

what  survival  rate  would  be  required  to 
economically  justify  the  use  of  greenhouse 
seedlings?  If  survival  of  bare-root  seedlings  is 
expected  to  be  40  percent,  the  procedure  would 
be  as  follows,  using  greenhouse  survival  (Z)  as 
the  unknown: 


150  -I-  50  +  100 


50 


75 


0.4 


300 


<   325 


Z   >    0.923  or  92.3  percent 

Survival  of  greenhouse  seedlings  then,  would 
have  to  be  quite  high  to  compensate  for  their 
greater  cost  of  production,  transportation,  and 
planting. 

Replanting  must  be  considered  where  a 
minimum  acceptable  standard  exists,  such  as 
in  shelterbelts,  where  80  percent  is  desirable. 
On  many  forest  lands,  50  percent  or  less  would 
be  considered  adequate,  depending  on  spacing 
in  the  plantation.  If  a  minimum  acceptable  rate 
of  survival  is  50  percent  of  the  original  planting 
density,  then,  for  the  situation  represented  in 
table  3,  the  bare-root  stock  would  have  to  be 
replanted  once.  The  other  two  types  would  not 


have  to  be  replanted.  Cost  per  surviving  tree 

would  not  change  for  bare-root  stock,  but  re- 
planting would  reduce  the  amountof  land  which 
could  be  planted  each  season,  and  cost  per  acre 
would  increase  each  time  the  site  was  replanted. 

Conclusions 

The  higher  initial  costs  associated  with  the 
greenhouse  system  can  be  offset  by  better  sur- 
vival. From  an  economic  standpoint  this  is 
especially  important  where  adverse  sites  must 
be  regenerated  quickly.  This  factor  can  be  par- 
tially taken  into  account  by  penalizing  the 
slower  growing  nursery  stock  through  the  use 
of  a  higher  interest  rate  in  compounding  costs 
to  the  planting  year.  Additional  benefits  such 
as  quality  control  through  the  use  of  genetically 
improved  seed  and  the  capacity  for  sounder 
planning  and  a  more  flexible  operation  may  be 
obtained,  but  little  specific  information  is 
presently  available. 

Nursery  costs  are  rising,  largely  because 
nurseries  are  labor-intensive  operations,  and 
labor  costs  are  increasing.  This  trend  will  have 
less  effect  on  the  greenhouse  system,  since  it 
is  more  capital-intensive  and  requires  little  labor. 

Similarly,  container  systems  do  not  require 
the  same  quality  in  land  that  nursery  systems 
do,  nor  do  they  require  the  quantities  of  land 
needed  for  nursery  operation.  Where  land  values 
are  high  and/or  rising,  the  greenhouse  system 
could  represent  considerable  cost  saving. 

Because  the  techniques  are  new,  the  cost  of 
greenhouse  container  seedlings  should  decrease 
with  technological  improvements,  more  mech- 
anization, and  a  better  internal  survival  rate. 
On  the  other  hand,  nursery  procedures  have 
been  pretty  well  standardized,  and  improvement 
cannot  be  expected  at  the  same  rate  as  in 
greenhouse  nurseries. 

Another  factor  that  can  decrease  the  cost 
of  greenhouse  seedlings  is  a  scale  economy 
effect  due  to  better  utilization  of  auxiliary  build- 
ings and  management.  This  effect  would  be 
valid  up  to  about  500,000  seedlings  for  the 
greenhouse  system  presented  in  tables  1  and  2. 

Because  planting  costs  are  high,  more  needs 
to  be  known  about  the  differences  between 
planting  containerized  seedlings  and  other  stock, 
and  how  these  differences  influence  costs. 

In  summary,  the  production  of  containerized 
greenhouse  seedlings  appears  to  be  favorable 
in  the  light  of  current  trends.  Much  remains  to 
be  learned,  however,  about  the  economics  and 
physical  capabilities  of  various  types  of  green- 
houses, and  the  economic/biological  trade-offs 
related  to  various  levels  of  environmental 
control. 


Agriculture-CSU,  Ft.  Collins 
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Abstract 

Growth  and  volume  relationships  are  assembled  in  a  computer 
program,  written  in  FORTRAN  IV,  that  simulates  timber  manage- 
ment by  shelterwood,  seed  tree,  or  clearcutting  systems.  Tree 
growth,  intermediate  and  regeneration  cuts,  planting,  and 
catastrophic  losses  are  among  the  changes  computed.  Annual  and 
periodic  costs  and  returns,  analysis  of  rate  earned,  and  other 
statements  of  volume  and  value  are  printed.  Supersedes  USDA 
For.  Serv.  Res.  Pap.  RM-42. 

Oxford:    524.37:U681.3.     Keywords:    Stand    yield   tables,   timber 
management,  forest  management,  simulation,     Pinus  ponderosa,  Pinus 

contorta. 
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Simulating  Changes  in  Even  Aged  Timber  Stands 


Clifford   A.    Myers 


Computer  program  MANAGD  (Myers  1968) 
was  developed  so  that  managers  could  simulate 
operations  in  managed ,  even-aged  timber  stands . 
The  original  relationships  and  analytic  pro- 
cedures have  now  been  modified  and  improved 
to  the  point  where  computer  program  MANGD2, 
described  in  this  new  Paper,  has  been  written 
to  supersede  the  original  program  MANAGD. 
Major  modifications  permit  more  general  treat- 
ment of  regeneration  cuttings  and  more  accurate 
estimates  of  the  effects  of  intermediate  cuttings 
on  stand  characteristics.  Other  changes  are  the 
result  of  increases  in  available  data  and  exper- 
ience gained  in  use  of  program  MANAGD. 
Program  organization  now  provides  a  means 
for  accommodating  a  large  number  of  species 
with  a  single  copy  of  the  source  program. 

MANGD2  is  written  in  standard  FORTRAN 
IV  and  can  be  run  on  almost  any  computer  that 
provides  at  least  28,544  (67,600  octal)  memory 
locations. 

Persons  wishing  to  prepare  data  decks  and 
use  the  program  should  read  the  entire  Paper 
carefully.  Those  who  are  interested  only  in 
knowing  what  MANGD2  can  do  for  them  can 
concentrate  on  the  sections  headed  "Uses  of 
Simulation"  and  "An  Application  of  MANGD2." 


Uses  of  Simulation 

Several  characteristics  of  the  business  of 
timber  production  make  the  gathering  of 
information  on  which  to  base  management 
decisions  for  forest  lands  unusually  difficult. 
Among  these  problem  characteristics  are: 

1.  The  long  time  needed  to  mature  a  crop. 
Final  results  of  a  series  of  changes  may  not 
be  evident  for  many  years,  especially  with 
slower  growing  species. 

2.  The  slowness  with  which  the  results  of  a 
single  change  may  appear.  Today's  questions 
may  not  be  answered  for  many  years.  Con- 
versely, the  desire  for  on-the-ground 
experimentation  will  be  restrained  because 
results  of  unfavorable  treatments  will  not 
disappear  for  some  time. 

3.  The  large  land  areas  and  the  numerous 
possible  combinations  of  biological  and 
economic    conditions    for    which    decisions 


must  be  made.  Many  possible  combinations 
result  in  many  possible  options,  among 
which  there  may  be  one  or  several  that  will 
conform  to  the  capabilities  and  goals  of  the 
organization. 
4.  The  expense  of  imposing  treatments  on 
forest  stands.  Expense  limits  the  number  of 
options  that  can  be  examined  on  the  ground 
and  increases  the  value  of  information. 

A  managerial  tool  designed  for  managers 
faced  with  such  problems  is  available.  It  is  the 
technique  of  mathematical  simulation  on  a 
digital  computer.  Simulation  is  particularly 
useful  where  an  outcome  depends  on  many 
variables  and  parameters,  and  the  computation 
steps  are  numerous  (Cremeans  1967). 

Simulation  involves  the  creation  and  oper- 
ation of  a  model  that  resembles  logically  the 
system  studied  (Martin  1968).  Solving  a  problem 
by  following  the  changes  that  occur  during 
model  operation  constitutes  the  technique  of 
simulation  (Gordon  1969).  The  system  may  be 
a  sawmill,  a  working  circle,  or  other  item  of 
interest.  Only  as  much  of  the  system  is 
modeled  as  is  necessary  to  answer  the  questions 
that  prompt  the  study.  Mathematical  models, 
such  as  MANGD2,  represent  all  necessary 
components  and  interactions  of  the  system  by 
a  series  of  mathematical  relationships.  Properly 
used,  they  can  aid  in  the  discovery  of  new  facts 
and  the  test  of  alternatives. 

Simulation  answers  questions  of  the  type: 
"What  would  happen  if  I  did  this  .  .  .?"  Once 
a  forest  system  has  been  modeled  and  the 
model  found  to  be  acceptable,  a  manager  has 
^reat  flexibility  in  imposing  changes  on  his 
forest  model.  He  can  vary  his  management  goals 
and  the  conditions  of  his  stands  with  no  ill 
effects  to  the  real  stands  from  any  undesirable 
alternatives.  With  adequate  mathematical  rela- 
tionships, the  manager  can  predict  probable 
future  performance  and  yield  of  his  forest 
(Chorafas  1965).  In  seconds,  he  can  get  an 
estimate  of  the  long-term  effects  of  proposed 
changes  on  growth,  yield,  and  money  return. 
The  changes  can  involve  rotation  length,  cutting 
cycle,  frequency  and  intensity  of  thinning,  and 
other  controls.  Estimates  of  potential  advantages 
from  reductions  in  certain  costs  or  from 
increases  in  selling  prices  can  be  obtained. 


MANGD2  was  designed  to  be  one  of  a  set 
of  tools  useful  as  aids  in  decisionmaking.  The 
tools  and   a  possible  pattern  of  their  use  are: 


1.  The  manager  can  compute  yield  tables  for 
managed  stands  to  help  him  establish  con- 
trols on  his  operations.  For  example,  he  can 
determine  that  certain  combinations  of 
frequency  and  intensity  of  thinning  are  not 
acceptable  alternatives  because  more  than 
one  noncommercial  thinning  would  be 
needed.  Perhaps  stands  of  low  site  quality 
should  not  receive  any  treatment  other  than 
protection.  Yield  tables  will  help  decide  what 
the  limit  should  be.  Procedures  for  comput- 
ing yield  tables  are  described  elsewhere 
(Myers  1971). 

2.  Since  goals  will  not  be  set  on  the  basis  of 
growth  and  yield  in  volumetric  units  alone, 
the  manager  will,  therefore,  use  MANGD2, 
described  in  this  Paper,  to  obtain  additional 
information.  Only  through  simulation  can 
the  long-term  effects  of  changes  in  rotation 
length,  cutting  cycle,  and  other  controls  be 
determined.  Likewise,  simulation  is  needed 
to  express  the  results  in  terms  of  present 
worth  and  rate  earned.  MANGD2  will  usually 
be  used  to  answer  questions  of  the  type: 
"What  do  I  want  my  working  circle  to  be 
when  it  has  been  converted  to  managed 
stands?" 

3.  Once  the  controls  have  been  established 
(subject,  of  course,  to  future  reappraisal), 
the  manager  needs  a  guide  to  assist  him  in 
current  operations.  The  guide  should  contain 
such  items  as  allowable  cut,  present  and 
desired  distribution  of  acres  by  age  and  site 
quality  classes,  and  work  to  be  completed 
during  the  current  planning  period.  The 
guide  should  be  computed  at  least  annually, 
using  data  from  conventional  inventory  and 
other  sources  of  stand  description.  Proce- 
dures for  preparing  such  a  guide  are 
described  elsewhere  (Myers  1970). 

4.  Once  the  controls  have  been  established  and 
a  management  guide  is  available,  the 
manager  is  concerned  with  converting  his 
forest  to  match  his  goals.  A  simulation  pro- 
gram that  uses  actual  inventory  data  as 
stand  inputs  will  be  useful.  Simulation  with 
MANGD2  helps  set  the  goals;  a  second 
simulation  program,  not  restricted  to  growth 
of  managed  stands,  can  show  him  how  to 
attain  them. 

5.  An  important  step  in  decisionmaking  may 
be  necessary  after  each  of  the  previous 
steps.  This  is  the  return  to  earlier  steps  in 
the  decision  process  whenever  new  informa- 
tion indicates  a  need  for  such  action. 


Description  of  Program  MANGD2 

Program  MANGD2  is  a  tool  for  simulating 
the  management  of  even-aged  timber  stands  for 
wood  products.  It  contains  provisions  for  stand 
growth,  thinnings,  regeneration  cuts,  planting 
of  nonstocked  areas,  and  other  changes  in 
forest  conditions.  Inputs  to  the  program  permit 
wide  choice  in  the  management  alternatives  and 
stand  conditions  to  be  examined.  Possible  op- 
tions and  alternatives  are  described  in  the 
appropriate  parts  of  this  section.  Program 
organization  permits  ready  modifications  to  fit 
local  tree  species  or  utilization  standards. 

MANGD2  consists  of  a  main  program  and 
21  subroutine  subprograms  (appendix  1).  Con- 
tent and  purpose  of  each  routine  are  given  in 
the  sections  that  follow.  Variable  names  are 
defined  with  the  source  program  in  appendix  1 
and  in  the  listing  of  contents  of  the  data  deck. 
The  test  problem  described  on  page  16  and  re- 
ported in  appendix  2  provides  additional 
explanation  of  the  program. 

The  terms  batch,  test,  and  game  are  used 
to  identify  individual  simulation  jobs  performed 
with  various  groupings  of  alternatives.  The 
BATCH  name  identifies  one  entire  group  of 
tests  and  games  to  be  completed  as  a  single  job 
by  a  computer.  A  test  consists  of  one  or  more 
games,  all  of  which  are  based  on  a  single  yield 
table  and  one  set  of  stumpage  prices.  Games  of 
a  test  may  differ  from  one  another  in  one  or 
more  of  the  following:  (1)  distribution  of  acres 
by  age  classes,  (2)  total  area,  (3)  area  planted 
annually,  (4)  area  lost  annually,  (5)  costs  of 
operations,  and  (6)  limitations  on  the  annual 
cut. 

As  shown  in  the  program  listing  (appendix 
1),  a  single  program  deck  can  be  used  for 
several  tree  species.  One  program  at  a  central 
location  can  thus  serve  the  needs  of  many 
managers.  Each  part  of  a  subroutine  that  in- 
volves species-specific  relationships  begins  with 
a  computed  GO  TO  statement.  Each  GO  TO  is 
followed  by  as  many  FORTRAN  statements  for 
species-specific  relationships  as  desired.  The 
label  of  each  statement  appears  in  the  computed 
GO  TO.  The  GO  TO  counter  is  read  in  initially 
as  a  numerical  species  index,  together  with  the 
species  name  as  it  will  appear  in  table 
headings. 

In  appendix  1,  the  program  provides  for 
three  species.  In  each  set  of  species-specific 
relationships,  the  first  equation  applies  to  pon- 
derosa  pine  (Pinus  ponderosa  Laws.)  in  the 
Black  Hills  of  South  Dakota  and  Wyoming.  The 
second  equation  applies  to  lodgepole  pine 
(Pinus  contorta  Dougl.)  in  Colorado  and 
Wyoming.  Space  for  an  equation  applicable  to 


a  third  species  is  occupied  by  a  dummy  state- 
ment in  the  form  of  a  CONTINUE  statement. 
The  relationships  included  can  be  replaced  by 
those  for  other  species,  or  each  computed  GO 
TO  can  be  expanded  to  provide  for  additional 
species. 


game,  and  the  columns  of  REPRT2  to  be 
printed  by  SUMRY.  Variables  that  pertain  to  an 
entire  test  are  initialized  by  BASISl. 

Definitions  of  the  variables,  restrictions  on 
their  values,  and  other  necessary  information 
are  presented  in  the  section  headed  Data  Deck. 


Main  Program 

The  main  program  calls  15  subroutines  in 
proper  sequence,  and  uses  counter  UK  to  call 
a  sixteenth  (REPRTl)  at  specified  intervals. 
The  first  two  subroutines  called  (BASISl, 
CHEKl)  read  and  check  that  part  of  the  data 
deck  common  to  all  games  of  one  test.  The 
next  two  subroutines  (YIELD,  ANVOL)  com- 
pute and  print  a  yield  table  and  potential 
volumes  per  acre  at  each  year  of  stand  age. 

Of  the  remaining  12  subroutines,  one  may  be 
called  at  the  end  of  each  test,  six  are  called 
once  each  game,  four  are  called  each  year  of 
each  game,  and  REPRTl  is  called  as  needed. 
Four  routines  (BASIS2,  CHEK2,  START, 
AREAS)  read  and  check  the  data  deck  for  a 
game,  generate  a  working  circle  with  the  speci- 
fied number  of  acres  in  each  age  class,  and 
print  conditions  at  the  start  of  the  game.  Four 
routines  (COVER,  HRVST,  SUMS,  ANUAL) 
create  the  desired  annual  changes.  Annual  op- 
erations include  stand  growth,  thinnings, 
regeneration  cuts,  losses,  and  other  changes  in 
volume  and  value.  Dollar  values  useful  in 
determination  of  the  rate  earned  are  printed  at 
the  end  of  each  game  (WORTH),  as  is  a 
complete  summary  of  volumes  and  values 
(REPRT2).  An  optional  subroutine  (SUMRY) 
prints  selected  values  from  all  games  of  a  test, 
one  set  per  page,  to  simplify  comparisons. 

The  main  program  enters  BATCH  name  and 
the  number  of  tests  in  one  run  or  job  into  com- 
puter memory.  Loops  that  control  the  number 
of  tests,  the  number  of  games  in  a  test,  and 
ithe  number  of  years  in  a  game  are  in  the  main 
program. 


ISubroutine  BASISl 

BASISl  is  called  once  each  test  to  read 
values  that  apply  to  all  games  of  the  test. 
Values  entered  include  stumpage  prices,  mini- 
mum commercial  volumes,  and  items  used  to 
compute  a  yield  table.  Stand  age  at  regeneration 
cut,  frequency  of  cut,  and  density  of  any 
residual  stand  are  entered  to  select  and  control 
the  silvicultural  system  used  for  regeneration. 
Controls  on  the  program  are  entered  as  number 
of  games  in  the  test,  number  of  years  in  each 


Subroutine  CHEKl 

CHEKl  edits  the  data  cards  read  by  BASISl 
to  insure  that  certain  errors  do  not  occur.  Ter- 
minal indexes  of  DO  loops  and  counters  of 
computed  GO  TO  are  checked  to  be  sure  they 
are  not  smaller  than  one  or  larger  than  the 
dimensions  specified  for  related  variables. 
Variables  used  in  growth  and  other  equations 
are  checked  to  be  sure  they  do  not  have  zero 
or  negative  values.  Additional  statements  can 
be  added  to  further  edit  the  data  cards,  such  as 
specifying  maximum  values  for  various 
variables. 

Identification  of  an  error  by  CHEKl  pre- 
vents continuation  of  the  job.  The  two  error 
flags  are  examined  when  control  is  returned 
from  CHEKl  to  the  main  program.  A  nonzero 
value  of  either  flag  will  cause  the  printing  of 
an  error  message  and  termination  of  the  job. 

Subroutine  YIELD 

YIELD  computes  and  prints  yield  tables  for 
managed,  even-aged  stands.  It  is  called  once 
each  test  to  produce  the  yield  table  that  will 
apply  to  all  games  of  the  test.  Values  in  each 
yield  table  reflect  prior  decisions  on  the  fre- 
quency and  intensity  of  intermediate  cuttings 
and  the  nature  of  reproduction  cuttings.  Data 
related  to  these  decisions  are  read  in  by 
BASISl. 

Computations  performed  by  the  subroutine 
follow  procedures  described  in  detail  elsewhere 
(Myers  1971).  Average  stand  diameter  (d.b.h.) 
and  number  of  trees  per  acre  just  before  initial 
thinning  are  used  as  read  in  by  BASISl. 
Reasonableness  of  the  values  will  have  been 
checked  previously  by  comparison  with  meas- 
urements of  actual  stands  of  suitable  ages, 
densities,  and  site  qualities.  Basal  area  and  the 
average  height  of  dominant  and  codominant 
trees  are  computed.  YIELD  then  calls  subroutine 
VOLS  to  compute  volumes  per  acre  before 
thinning.  Subroutine  CUTS  is  called  to  compute 
d.b.h.  after  cutting  to  the  residual  level  defined 
in  equations  based  on  values  in  table  1  and  by 
THIN  from  BASISl.  The  stand  will  not  be 
thinned  if  its  density  is  already  at  or  below  the 
appropriate  residual.  Postthinning  basal  area 
and  average  height  are  computed  and  subroutine 


Table  1. — Basal  areas  after  intermediate  cutting  in  relation  to  average  stand  diameter. 

Growing  stock  level  80. 
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4.0 
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8.0 
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2.1 
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8.1 
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2.3 

15.5 
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8.3 

74.3 

2.4 
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4.4 
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6.4 
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8.4 
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2.5 
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4.5 
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6.5 
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8.5 
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2.6 
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4.6 
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6.6 
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2.7 
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4,7 
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2.8 
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7.4 
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3.6 
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3.7 

31.8 
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70,6 

9.7 

79.5 

3.8 

32.9 
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71.2 

9.8 
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3.9 

34.1 
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55.7 

7.9 

71.9 

9.9 
10.0+ 
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VOLS  is  called  again  to  compute  volumes  per 
acre.  D.b.h.  is  then  increased  by  the  amount  of 
periodic  growth,  and  the  number  of  trees  is 
reduced,  if  necessary.  CUTS  is  called  again  to 
perform  the  second  thinning,  this  time  to  level 
DLEV  read  in  by  BASISl.  The  sequence  of 
steps  is  repeated  as  many  times  as  necessary 
until  terminated  by  the  final  cut  at  the  age 
appropriate  to  the  regeneration  system  used. 
Stand  age  and  other  state  variables  are  printed 
at  the  end  of  each  series  of  operations. 

Table  1  gives  residual  basal  area  after  inter- 
mediate cutting  for  various  average  stand 
diameters.  The  values  represent  one  possible 
series  of  densities  that  could  be  used  to  guide 
successive  thinnings  in  a  stand.  Basal  area 
increases  with  diameter  until  10.0  inches 
diameter  is  reached,  and  remains  constant 
thereafter.  The  series  in  table  1  is  labeled 
"growing  stock  level  80"  to  indicate  that  reserve 
basal  area  is  80.0  square  feet  per  acre  when  d.b. 
h.  after  cutting  is  10.0  inches  or  larger.  Other 
stocking  levels  are  named  the  same  way.  For 
example,  stocking  level  100  means  that  reserve 
basal  area  will  be  100  square  feet  when  d.b.h. 


after  cutting  is  10.0  inches  or  larger.  Basal  areas 
for  level  100  and  for  diameters  smaller  than  10.0 
inches  are  obtained  by  multiplying  each  basal 
area  of  level  80  by  the  amount  100/80.  Values 
for  other  stocking  levels,  perhaps  from  50  to 
160,  are  computed  similarly.  The  ratio  is  com- 
puted frequently  in  MANGD2  as  THIN/GIDE  or 
DLEV/GIDE. 

Data  used  to  obtain  the  base  curve,  level  80 
in  table  1,  came  from  permanent  and  temporary 
plots.  A  graph  of  desired  basal  area  over 
average  stand  d.b.h.  was  drawn  for  plots  of 
local  average  site  quality.  "Best"  stand  density 
for  each  average  diameter  sampled  was  based 
on  such  criteria  as  production  in  cubic  feet  and 
probable  length  of  saw-log  rotations. 

Increases  in  d.b.h.  due  to  tree  growth,  per- 
centages of  mortality,  and  other  periodic 
changes  in  stand  conditions  are  for  a  specific 
length  of  projection  period.  The  length,  in 
number  of  years,  is  entered  as  RINT  by 
BASISl.  Equations  in  the  listing  of  YIELD  in 
appendix  1  are  for  a  projection  period  of  10 
years.  Intervals  between  intermediate  cuttings 
are  one  or  more  projection  periods  long. 


The  yield  table  will  show  numbers  of  trees 
and  other  values  appropriate  to  the  regeneration 
system  selected.  Data  card  type  5  that  controls 
the  operations  has  entries  in  up  to  seven  fields: 
REGN(l),  VLLV(l),  CYCNW(l).  REGN(2), 
VLLV(2),  CYCNW(2),  and  REGN  (3).  If  a  value 
is  punched  for  REGN(l)  and  all  other  fields  are 
left  blank,  the  yield  table  will  show  regeneration 
by  clearcutting.  The  value  entered  for  REGN(l) 
is  the  desired  rotation  length.  YIELD  will,  how- 
ever, add  a  20-year  period  to  REGN(l)  so  the 
final  entry  in  the  table  will  be  REGN(l)  plus 
20.  This  permits  computation  of  volumes  for 
stands  that  will  not  be  regenerated  until  they 
have  passed  rotation  age.  The  table  may  show 
an  intermediate  cut  at  what  is  really  rotation 
age.  For  stands  cut  at  or  beyond  rotation  age, 
the  apparent  intermediate  cut  is  added  to  the 
reported  reserve  to  get  correct  final  volume. 

If  a  value  is  assigned  REGN(2),  there  must 
also  be  values  for  REGN(l),  VLLV(l),  and 
CYCNW(l).  A  value  for  REGN(2)  and  a  blank 
for  REGN(3)  calls  for  the  seed  tree  system  or 
two-cut  shelterwood.  REGN(l)  is  stand  age  at 
time  of  first  cut  and  REGN(2)  is  stand  age  at 
final  cut.  VLLV(l)  is  the  percentage  of  the 
growing  stock  level  used  for  intermediate  cuts 
(DLEV)  that  will  remain  after  the  cut  at  age 
REGN(l).  For  example,  if  DLEV  is  100  and 
VLLV(l)  is  .50,  the  residual  stand  at  REGN(l) 
will  have  a  basal  area  of  50  square  feet. 
CYCNW(l)  is  the  number  of  years  from  REGN 
(1)  toREGN(2). 

Assignment  of  a  nonzero  value  to  REGNO) 
calls  for  use  of  three-cut  shelterwood.  The  first 


removal  cut  will  occur  at  age  REGN(l),  a 
second  cut  at  REGN (2),  and  the  final  cut  at 
REGNO).  VLLV(2),  like  VLLV(l),  is  a  per- 
centage of  the  growing  stock  level  DLEV.  Now, 
however,  DLEV  is  not  the  value  read  in 
originally  but  the  level  computed  with  VLLV(l) 
for  the  first  cut.  For  example,  if  the  original 
DLEV  is  100  and  VLLV(l)  and  VLLV(2)  both 
equal  .50,  reserve  basal  area  after  the  second 
cut  at  REGN(2)  will  be  25  square  feet  (100  x  .5 
X   .5).  Other  variables  are  as  explained  above. 

Preparing  input  data  for  the  clearcutting 
option  is  not  complicated.  Age  at  initial  thinning 
(AGEO),  interval  between  cuts  (CYCL),  and 
rotation  length  (REGN(l))  control  the  opera- 
tions. Computations  proceed  until  adjusted 
rotation  age  is  reached.  The  interval  between 
cuts  must  be  equal  to  or  some  multiple  of  the 
projection  period  of  the  growth  and  mortality 
equations  (RINT)  and  a  factor  of  the  interval 
between  AGEO  and  REGN(l). 

Tests  involving  seed  tree  or  shelterwood 
systems  require  much  more  advance  planning. 
Events  in  the  lives  of  the  old  and  new  crops 
must  be  scheduled  sensibly  in  relation  to  each 
other.  The  final  stand  is  not  removed  at  or 
near  rotation  age  but  at  an  older  age,  the 
felling  age.  Length  of  the  rotation  becomes  the 
length  of  the  period  between  similar  cuts,  and 
intervening  activities  must  be  well  described 
chronologically. 

Scheduling  of  operations  may  be  assisted 
by  drawing  a  sketch  similar  to  figure  1.  The 
stand  shown  is  managed  under  a  rotation  of 
110  years,  with  a  final  felling  age  of  140  years. 
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Figure  1. — 

Volume  changes  with 
three-cut  shelterwood. 
Management  controls: 
cutting  cycle,    20  years; 
rotation,    110  years; 
final  felling  age,    140  years. 
Labels  are  the  variable 
names  used  in  MANGD2. 
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Intermediate  cuts  are  made  at  20-year  intervals, 
with  the  first  thinning  at  time  of  the  final  cut 
of  the  overstory.  The  two  removal  cuts  are  20 
years  apart.  A  final  cut  is  made  10  years  after 
the  second  removal  cut.  Inspection  of  the  sketch 
shows  that  overstory  and  understory  operations 
occur  in  proper  relation  to  each  other  and  that 
similar  events  occur  at  intervals  equal  to  the 
110-year  rotation  desired. 

It  is  often  desirable  to  make  simulations 
more  realistic  by  varying  the  values  estimated 
by  equations  or  contained  in  tabulations.  For 
example,  repeated  computations  of  DBHO  with- 
out change  in  values  of  the  independent 
variables  will  always  give  the  same  numerical 
result.  In  reality,  actual  and  estimated  values 
differ  frequently.  A  way  of  providing  variability 
in  estimates  of  DBHO  is  contained  in  the  pro- 
gram segment  between  statements  250  and  300. 
Similar  statements  could  be  written  for  other 
variables. 

Variability  is  obtained  in  three  steps:  (1) 
generation  of  a  pseudorandom  number,  (2)  use 
of  this  number  as  an  independent  variable  to 
compute  the  value  of  a  residual  (range:  -0.3  to 
-1-0.3  inch),  and  (3)  addition  of  the  residual  to 
the  computed  value  of  DBHO.  The  pseudo- 
random number  generator,  statement  250,  is  of 
the  form: 

Xj  =  AXi.i  +  C  (modulo  M) 


(Greenberger  1961).  Values  of  all  elements  of  the 
generator  are  specified  except  for  Xj.^,  which  is 
read  in  as  variable  GNTR.  The  statement  to 
compute  RES  is  an  empirical  distribution  func- 
tion obtained  by  fitting  a  polynomial  to  the 
normally  distributed  residuals  of  the  DBHO 
equation  (Evans  et  al.  1967).  An  approximation 
to  the  normal  distribution  function  may  also  be 
used  (Burr  1967).  , 

Subroutine  VOLS 

VOLS  is  called  by  subroutine  YIELD  to 
compute  total  cubic  feet  per  acre  and  the 
factors  used  to  obtain  volumes  in  other  units. 
Total  cubic  volumes  per  acre,  from  ground  line 
to  tip  of  each  tree,  are  computed  from  basal 
area,  d.b.h.,  and  tree  height  by  means  of  stand 
volume  equations.  Factors  transferred  from 
VOLS  are  used  to  convert  total  cubic  volume  to 
other  units.  With  the  program  listed  in  appendix 
1,  factors  are  obtained  for  merchantable  cubic 
feet  to  a  4-inch  top  and  for  board  feet.  Yields 
in  units  other  than  volume,  such  as  by  weight 
(Myers  1%0),  could  also  be  computed  if  desired. 
Total  cubic  volumes  are  multiplied  by  the  appro- 
priate factors  in  subroutine  YIELD. 


Standards  for  minimum  d.b.h.  and  top 
diameters  will  vary  by  species  and  locality. 
Statements  are  provided  at  the  end  of  sub- 
routine YIELD  so  the  limits  applicable  to  yield 
table  volumes  will  be  recorded  in  table  footnotes. 


Subroutine  CUTS 

CUTS  is  called  by  subroutine  YIELD  to 
determine  the  increase  in  average  d.b.h.  due  to 
thinning  to  any  specified  level.  The  equation 
for  DBHE  estimates  diameter  after  thinning 
when  the  diameter  before  thinning  and  the 
percentage  of  trees  retained  are  known  (Myers 
1971).  The  percentage  of  trees  that  will  be  re- 
tained to  reach  any  specified  growing  stock 
level  is  never  known.  Successive  percentages 
are  therefore  tested  until  d.b.h.  after  thinning, 
number  of  trees,  and  basal  area  agree  with  the 
desired  thinning  intensity  entered  as  THIN  or 
DLEV  by  BASISl  and  as  defined  in  table   1. 

Equations  for  DBHP  and  SQFT  in  sub- 
routine CUTS  are  both  expressions  for  the 
combinations  of  diameter  and  basal  area  in 
table  1.  Statements  for  DBHP  compute  a  d.b.h. 
less  than  10.0  inches  when  the  corresponding 
basal  area  is  known.  Statements  for  SQFT 
determine  basal  area  when  d.b.h.  is  known. 
DBHP  computes  estimates  of  the  diameter  re- 
quired to  meet  the  standards  of  THIN  or  DLEV. 
Basal  areas  computed  with  diameters  from  the 
equation  for  DBHE  are  used  in  the  computations. 
When  DBHP  and  DBHE  are  equal  to  the 
nearest  0.1  inch,  iterations  of  CUTS  terminate 
and  post-thinning  basal  area  (BAST)  is  com- 
puted by  SQFT.  The  ratios  GIDE/REST  and 
REST/GIDE  in  CUTS  convert  values  from  grow- 
ing stock  level  80  of  table  1  to  the  levels 
specified  by  THIN  and  DLEV. 


Subroutine  ANVOL 

ANVOL  is  called  once  each  test  to  compute  "! 
volumes  per  acre  for  each  year  from  initial 
thinning  to  maximum  stand  age.  Volumes  in 
cubic  and  board  feet  are  obtained  by  linear 
interpolation  and  printed  on  page  type  2.  Aver- 
age stand  diameters  at  each  year  of  stand  age 
are  also  computed  by  interpolation  of  yield  table 
values.  Diameters  are  used  later  as  "inde- 
pendent" variables  in  computation  of  the  cubic 
volume  obtainable  as  a  byproduct  from  saw-log 
cuts. 

The  last  few  statements  of  the  routine  ex- 
pand the  arrays  of  volumes  removed  to  assign 
the  volume  of  each  intermediate  cut  to  each  of 
the  years  before  the  next  cut  is  made.  Volumes 
cut  are  added  to  potential  reserve  volumes  from 


the  yield  table,  if  necessary,  to  simulate  a 
complete  removal  of  volume  when  called  for 
and  the  yield  table  shows  that  partial  removals 
normally  occur  at  that  stand  age. 

Stand  age  cannot  exceed  179  years  unless 
dimensions  of  the  18-  and  180-location  arrays  of 
acres  and  annual  volumes  are  increased. 


Subroutine  BASIS2 

BASIS2  is  called  once  each  game  to  enter 
numerical  values  of  variables  that  may  differ 
for  each  game  of  a  test.  Descriptive  data 
include  area  of  the  working  circle,  distribution 
of  area  by  age  classes,  nonstocked  area,  and 
number  of  acres  to  be  planted  annually.  Various 
costs  and  the  rate  at  which  they  change  from 
year  to  year  are  also  read.  One  to  ten  combina- 
tions of  limiting  price,  allowable  cut,  and 
minimum  cutting  age  are  read  in  for  determina- 
tion of  the  annual  cut.  This  operation  is 
described  by  Gould  and  O'Regan  (1965),  and  in 
the  section  of  this  Paper  headed  Data  Deck. 
Variables  that  have  zero  values  at  the  start  of 
each  game  are  initialized  by  BASIS2. 

Definitions  of  the  variables,  restrictions  on 
their  values,  and  other  information  are  also 
presented  in  the  section  that  describes  the  data 
deck. 


Subroutine  CHEK2 

CHEK2  edits  the  data  cards  read  by  BASIS2 
to  insure  that  certain  errors  do  not  occur. 
Terminal  indexes  of  DO  loops  are  checked  to 
be  sure  they  are  not  smaller  than  one  or  larger 
than  the  dimensions  specified  for  them  or 
related  variables.  Variables  used  in  various 
computations  are  checked  to  be  sure  that  they 
do  not  have  unwanted  zero  or  negative  values. 
Additional  statements  can  be  added  to  further 
edit  the  data  cards,  such  as  specifying  maximum 
values  for  various  variables. 

As  with  CHEKl,  location  of  an  error  causes 
termination  of  the  simulation.  A  nonzero  value 
for  either  error  flag  will  cause  printing  of  an 
error  message  and  end  of  the  job. 


Subroutine  START 

START  is  called  once  each  game  to  print  a 
record  of  conditions  for  that  game.  Some  of  the 
values  read  by  BASISl  and  BASIS2  are  printed 
on  page  type  3  under  the  heading  "alternatives 
for  this  game."  Values  that  appear  elsewhere, 
such  as  site  index  on  page  type  1,  are  not 
printed  by  START. 


Subroutine  AREAS 

AREAS  is  called  once  each  game  to  com- 
pute volumes  and  area  distributions  at  the  end 
of  the  year  before  simulation  begins.  Acres  in 
each  1-year  age  class  are  expanded  to  obtain  a 
record  of  the  age  of  each  individual  acre,  and 
are  then  totaled  by  1-  and  10-year  age  classes. 
Separate  records  are  kept  for  overstory  and 
understory  if  seed  tree  or  shelterwood  systems 
are  used. 

Each  acre  is  assigned  an  initial  treatment 
status  code  if  seed  tree  or  shelterwood  systems 
are  used.  Simulation  begins  as  though  the  same 
silvicultural  system  has  already  been  in  effect 
for  a  number  of  years.  Each  overstory  acre 
where  regeneration  has  started  has  an  under- 
story of  the  appropriate  age.  The  treatment 
status  code  controls  the  timing  of  future 
removal  or  final  cuts  of  the  overstory.  The  code 
also  helps  keep  appropriate  overstory  and  under- 
story ages  together  in  later  list  processing 
operations. 

Initial  growing  stock  volume  is  totaled  in 
board  feet  and  in  cubic  feet.  Volume  of  an  acre 
will  be  added  to  the  total  of  only  one  of  the 
two  volume  units.  The  unit  will  be  board  feet 
if  board-foot  volume  on  the  acre  equals  or 
exceeds  the  value  of  the  variable  BFMRCH  read 
by  BASISl.  No  volume  will  be  credited  to  the 
acre  if  stand  age  is  less  than  the  specified 
minimum  (AGMRCH). 

Volume"  and  money  variables  that  require 
nonzero  values  at  start  of  simulation  are  com- 
puted. Each  value  is  then  stored  in  one  of  two 
2-dimensional  arrays  for  printing  by  REPRT2. 

Total  area  (LAND)  cannot  exceed  1,000 
acres  unless  the  dimensions  of  AGEOS(I), 
AGEUN(I),  and  TRET(I)  are  increased.  Age  of 
the  oldest  acre  cannot  exceed  179  years  unless 
dimensions  of  the  18-  and  180-location  arrays 
for  acres  and  volumes  are  increased. 


Subroutine  REPRTl 

REPRTl  is  called  several  times  each  game 
to  print  a  table  of  the  distribution  of  acres  by 
1-year  and  10-year  age  classes  on  page  type  4. 
REPRTl  is  called  first  to  record  the  distribution 
of  acres  before  simulation  begins,  as  computed 
by  AREAS.  It  is  also  called  at  the  end  of  the 
first  year  of  each  game  and  at  the  end  of  each 
decade. 


Subroutine  COVER 

COVER  is  called  once  each  year  of  each 
game  to  increase  forested  acreage  by  direct 


seeding  or  planting  and  to  reduce  the  timbered 
area  by  the  amount  of  catastrophic  losses.  A 
specified  area  (IPLNT)  is  seeded  or  planted 
each  year,  if  nonstocked  acres  exist.  Nonstocked 
acres  are  those  deforested  by  fire  or  other 
catastrophe,  and  do  not  include  regenerating 
stands  that  will  restock  in  the  allotted  time. 
Some  or  all  clearcut  acres  could  be  added  to 
nonstocked  area  to  simulate  delays  or  failures 
in  natural  regeneration. 

Understory  and  overstory  age  and  treatment 
codes  are  increased  by  one  when  COVER  is 
called  at  the  beginning  of  each  year.  Results 
are  the  stand  ages  and  treatment  codes  appli- 
cable to  that  year. 

Age  of  each  acre  destroyed  and  added  to 
nonstocked  area  is  selected  at  random  with  a 
pseudorandom  number  generator  of  the  form: 


Xj  =  AXi.i  +  C  (modulo  M) 


(Greenberger  1961).  All  values  are  present  in 
the  FORTRAN  statement  except  for  Xi.i.  This 
term  is  the  variable  ANUL,  read  from  the  data 
deck  by  subroutine  BASIS2.  The  generator  in 
COVER  has  a  periodicity  of  128.  Any  value  of 
ANUL  from  0  to  127  may  be  read  by  BASIS2, 
to  vary  the  pattern  of  loss.  As  listed  in 
appendix  2,  the  sawtimber  on  any  acre  destroyed 
will  be  salvaged  if  it  is  not  less  than  a  specified 
minimum  volume  (BFSALV).  Stands  with  less 
than  minimum  board-foot  volumes  will  be 
cleaned  up  at  a  predetermined  cost  per  acre 
(CLOSS)  unless  stand  age  is  equal  to  or  less 
than  that  specified  for  first  thinning  (AGEO). 
Young  stands  are  assumed  to  have  no  material 
to  be  salvaged  or  that  will  require  cleanup 
before  planting.  All  these  limits  may  be  changed, 
if  desired,  to  better  apply  to  local  conditions 
and  management  practices. 

COVER  was  written  to  provide  for  the  loss 
of  whole  acres  only.  Partial  acres  lost  will  be 
accumulated  until  an  entire  acre  can  be  zeroed 
out  in  the  age  and  treatment  arrays.  If  very 
high  annual  losses  are  assumed,  appropriate 
parts  of  COVER  will  be  repeated  until  all  but 
fractional  acres  are  accounted  for. 

After  each  acre  selected  by  the  pseudo- 
random number  generator  is  destroyed,  it  is  put 
at  the  end  of  the  sequence  of  acres  arranged 
according  to  age.  This  is  necessary  because  the 
subroutines  that  simulate  regeneration  cuts  will 
select  the  acre  with  the  oldest  eligible  stand 
for  cutting  first. 


Subroutine  HRVST 

HRVST  is  called  once  each  year  to  perform 
any  scheduled  intermediate  and  regeneration 
cuts.  Stand  ages  at  time  of  intermediate  cuts 
are  determined  by  age  at  first  thinning  (AGEO) 
and  interval  between  treatments  (CYCL).  Ages 
of  stands  to  receive  regeneration  cuts  are  speci- 
fied by  values   of  REGN(I)  and  FMRCHD(I). 

Allowable  annual  cut  is  the  number  of 
acres  to  be  regenerated  by  clearcutting  or  to 
receive  the  first  regeneration  cut  of  the  seed 
tree  or  shelterwood  systems.  The  annual  cut 
equals  the  constant  or  variable  allowable  limit 
less  any  losses  of  one  or  more  entire  acres. 
Determination  of  the  allowable  limit  is 
described  in  the  section  headed  Data  Deck. 
Regeneration  cuts  are  performed  by  calls  to 
subroutines  CLEAR  or  SHWD. 

Every  acre  of  appropriate  age  is  thinned, 
regardless  of  whether  or  not  the  volume  to  be 
removed  exceeds  minimum  commercial  limits. 
Thinning  cost  (CTHN)  will  be  assessed  against 
each  acre  receiving  a  noncommercial  operation. 
Yields  will  be  determined  in  board  feet  if  the 
amounts  removed  equal  or  exceed  minimum 
limits  for  board  feet.  Otherwise,  commercial 
cuts  will  be  measured  in  cubic  feet  of  round- 
wood.  If  the  main  cut  is  credited  to  board-foot 
volume,  an  additional  amount  in  cubic  feet  will 
be  determined  as  merchantable  volume  not  in 
saw  logs. 


Subroutine  CLEAR 

CLEAR  is  called  annually  by  subroutine 
HRVST  if  needed  to  perform  regeneration 
cuttings  by  the  clearcutting  system.  As 
explained  above,  this  system  is  specified  by 
punching  only  one  nonzero  felling  age  on  the 
type  5  data  card.  The  number  of  acres  to  be 
regenerated  during  the  year  is  computed  in 
HRVST. 

As  with  thinnings,  commercial  volumes 
removed  will  be  recorded  in  board  feet  if  not 
less  than  the  minimum  commercial  board-foot 
cut.  Otherwise,  the  volume  will  be  computed  in 
cubic  feet.  With  board-foot  yields,  the  cubic 
feet  of  roundwood  not  in  saw  logs  will  also  be 
determined. 


Subroutine  SHWD 

SHWD  is  called  annually  if  needed  by  sub- 
routine HRVST  to  perform  regeneration  cuttings 


by  the  seed  tree  or  shelterwood  systems. 
Harvested  volumes  will  be  determined  in  cubic 
feet  or  in  board  feet  and  cubic  feet,  as  in  sub- 
routine CLEAR.  As  each  acre  is  cut,  the 
treatment  status  code  is  changed  so  future 
regeneration  cuts  on  the  area  will  be  scheduled 
correctly. 

Subroutine   ARNG   is   called  by  SHWD,  as 
described  below. 


Subroutine  ARNG 

ARNG  is  called  periodically  by  subroutine 
SHWD  to  rearrange  the  sequence  in  which 
individual  acres  are  stored  in  age  and  treatment 
code  arrays.  During  a  simulation  run,  young 
overstories  are  created  in  two  ways:  (1)  by 
removal  of  the  previous  overstory,  and  (2)  by 
replacement  of  stands  destroyed  by  catastrophe. 
During  rearrangement,  overstories  of  equal  age 
are  brought  together  in  the  age  and  treatment 
arrays.  All  stands  will  then  be  regenerated  in 
proper  sequence  when  treated  in  order  of  age 
during  long  simulation  periods. 


Subroutine  SUMS 

SUMS  is  called  once  each  year  of  each  game 
to  perform  the  following  operations:  (1) 
compute  growing  stock  volume  at  the  end  of 
the  year,  (2)  determine  the  number  of  acres  in 
each  1-year  and  10-year  age  class,  (3)  compute 
the  costs  and  returns  resulting  from  the  year's 
activities,  and  (4)  increase  all  costs  by  the 
desired  annual  rate,  if  one  has  been  specified 
in  the  data  deck. 


Subroutine  ANUAL 

ANUAL  is  called  each  year  of  each  game  to 
compute  40  volume,  area,  or  money  totals  and 
to  store  them  for  later  use.  Each  total  is  stored 
in  one  of  two  2-dimensional  arrays.  The  first 
dimension  identifies  the  variable,  the  second  the 
year  of  a  game  to  which  the  value  applies. 
Numerical  value  of  each  year  subscript  is  year 
plus  one,  so  year  zero  of  a  game  can  be 
included  in  the  array.  Array  values  are  used  in 
the  three  subroutines  described  below. 


Subroutine  REPRT2 

REPRT2  is  called  at  the  end  of  each  game 
to  print  the  results  of  each  year  of  the  game. 
Array  values  computed  and  stored  by  ANUAL 


are  printed  in  40  numbered  columns  that  extend 
across  four  (five  with  shelterwood)  pages  of 
page  type  5  (appendix  2).  Entries  under  column 
headings  are  printed  at  the  rate  of  40|  lines,  or 
years,  per  page. 


Subroutine  WORTH 

WORTH  is  called  at  the  end  of  each  game 
to  discount  all  costs  incurred  and  all  income 
received.  Value  of  the  growing  stock  at  the  end 
of  the  simulation  period  is  discounted  to 
beginning  of  the  period.  The  program  discounts 
each  future  value  at  each  of  20  compound 
interest  rates.  Rates  range  from  1.0  to  10.5  per- 
cent at  intervals  of  0.5  percent.  The  limits  and 
interval  can  be  changed  by  modification  of 
statements  for  CRATE(I)  and  CRATE(K)  in  the 
first  set  of  statements  after  the  initializing 
operations.  The  subroutine  will  produce  20 
rates  unless  changes  are  made  in  the  dimension 
statement  and  the  terminal  indexes  of  the  DO 
loops. 

WORTH  prints  a  table  that  gives  the  present 
value  of  each  of  the  following  for  each  discount 
rate:  (1)  future  growing  stock,  (2)  all  incomes, 
(3)  sum  of  items  1  and  2,  (4)  all  costs,  and  (5) 
item  3  minus  the  sum  of  item  4  and  the  value 
of  the  growing  stock  at  beginning  of  the  game. 
Net  discounted  revenues  (present  worths,  item 
5)  may  be  plotted  over  discount  rates  to  deter- 
mine the  internal  rate  of  return  applicable  to 
the  duration  and  conditions  of  the  game. 


Subroutine  SUMRY 

SUMRY  may  be  called  at  the  end  of  each 
test  to  summarize  results  of  the  games  of  the 
test.  If  this  option  is  used,  SUMRY  is  also 
called  at  the  end  of  each  game  to  store 
specified  volume  or  money  values  in  a  3-dimen- 
sional  array.  Values  stored  correspond  to  the 
columns  of  REPRT2  that  have  their  column 
numbers  entered  as  KOL(I)  by  BASISl.  Any 
of  the  40  numbered  columns  of  REPRT2 
(appendix  2)  may  be  reproduced.  Not  more 
than  six  columns  may  be  summarized  for  one 
test  unless  the  dimensions  of  variables  KOL(I) 
and  SUMM(I,J,K)  are  increased.  The  statement 
that  causes  reading  of  KOL(I)  by  BASISl  must 
also  be  changed.  As  listed  in  appendix  1, 
results  of  as  many  as  10  games  may  be  sum- 
marized at  one  time. 

Summaries  of  the  games  of  a  test  are  pro- 
duced together  as  the  final  output  of  the  test. 
A  separate  page  of  page  type  7  is  printed  for 
each   variable    (column)   selected  in  advance. 


Data  Deck 

Fourteen  types  of  punch  cards,  listed  below, 
are  used  to  enter  initial  values  of  variables  into 
computer  memory.  Most  cards  are  not  optional 
and  must  be  included  in  the  data  deck  so 
READ  statements  will  be  executed  properly. 
Three  types  are  optional  (7,  8,  10)  and  are 
omitted  from  the  data  deck  if  the  options  are 
not  to  be  exercised. 

Data  cards  are  read  by  three  routines  in  the 
order  in  which  the  types  are  numbered.  The 
type  1  card  is  read  once  by  the  main  program 
to  enter  BATCH  name  and  the  number  of  tests 
to  be  performed  in  the  batch.  These  identify  the 
job  and  control  the  number  of  times  the  rest 
of  the  main  routine  is  repeated. 

Card  types  2  to  8,  inclusive,  are  read  by 
BASISl.  One  card  of  each  type  except  types  7 
and  8  must  be  read  once  each  test.  Card  types 
7  (15  cards)  and  8  (15  cards)  are  omitted  from 
the  data  deck  if  their  options  are  not  to  be 
used.  Nonzero  stumpage  prices  (BDPRI  and/or 
CFPRI)  on  card  type  6  cause  the  corresponding 
READ  statements  for  variable  prices  of  card 
types  7  or  8  to  be  skipped. 

Card  types  9  to  14,  inclusive,  are  read  by 
BASIS2  once  each  game.  Each  type  consists  of 
one  card  except  for  optional  type  10,  which 
requires  10  punch  cards.  Statements  that  refer 
to  card  type  10,  variable  area  by  age  classes, 
are  bypassed  when  a  nonzero  value  is  punched 
for  KAREA  on  card  type  9. 

Card  types  11,  12,  and  13  contain  values  for 
the  price  control  procedure  of  Gould  and 
O'Regan  (1965).  The  number  of  acres  harvested 
annually  can  be  made  to  vary  with  the  current 
stumpage  price  of  saw  logs.  For  example,  as 
shown  on  page  type  3  of  the  second  game  of 
the  test  problem  (appendix  2),  5  acres  will  be 
cut  if  price  per  thousand  board  feet  does  not 
exceed  $12.00.  Eight  acres  will  be  cut  if 
stumpage  price  is  $12.01  to  $15.00,  and  12  acres 
will  be  cut  if  price  exceeds  $15.00  but  is  less 
than  $99.00.  The  $99.00  value  is  merely  an 
arbitrary  upper  limit  that  prices  will  not  reach. 


Minimum  cutting  age  can  also  vary  with  stump- 
age price  if  the  clearcutting  option  is  used. 

Sequence  of  regeneration  cuts  is  from  oldest 
acre  to  youngest,  so  full  allowable  cut  will  be 
taken  only  if  sufficient  acres  above  minimum 
cutting  age  are  available.  If  price  control  is  not 
wanted,  entries  for  allowable  cut  in  columns  1 
to  4  of  card  type  12  and  for  cutting  age  in 
columns  1  to  8  of  card  type  13  are  the  desired 
constant  limits.  A  critical  price  greater  than  the 
largest  possible  price  (for  example,  $99.00)  is 
entered  in  columns  1  to  8  of  card  type  11. 

Whether  price  control  is  wanted  or  not,  the 
potential  annual  cut  will  be  reduced  automat- 
ically each  time  an  acre  is  lost  to  fire  or  other 
catastrophe.  The  effect  is  to  impose  area  control 
by  having  the  total  of  acres  cut  and  lost  equal 
the  annual  cutting  budget.  The  reduction  of 
harvestable  acres  may  be  prevented,  if  desired, 
by  removing  LOSS  from  the  statement  labeled 
10  in  subroutine  HRVST. 

Card  type  14  enters  the  costs  of  various 
operations  and  the  rate  at  which  these  costs 
may  increase  annually. 

The  order  in  which  data  cards  will  be  read 
can  be  illustrated  by  a  job  consisting  of  two 
tests  with  two  games  per  test.  The  sequence  is 
as  follows: 


1.  The  type  1  card  for  the  job. 

2.  Card  types  2  to  8  for  the  first  test. 

3.  Card  types  9  to  14  for  game  one  of  the  first 
test. 

4.  Card  types  9  to  14  for  game  two  of  the  first 
test. 

5.  Card  types  2  to  8  for  the  second  test. 

6.  Card    types  9  to  14  for  game  one  of  the 
second  test. 

7.  Card  types  9  to  14  for  game  two  of  the 
second  test. 

Any  number  of  tests  and  games  may  be 
performed  in  one  job.  Unless  modified,  sub- 
routine SUMRY  cannot  report  the  results  of 
more  than  10  games. 


Order  and  Contents  of  the  Data  Deck  for  Program  MANGD2 


Card  Read  Frequency  No.  of  Variable 

type  Optional   by read cards name    Columns  Format 


Description  of  variable 


NO 


Main 


Batch 


NO 


BASISl   Test 


BATCH(I)    1-24    3A8     Descriptive  name  to  identify  output 

of  one  pass  through  the  computer. 

NTSTS      25-28    14      Number  of  tests  in  the  batch,  each 

with  a  yield  table. 

SPEC       1-AO    5A8     Name  of  species  being  examined;  for 

table  headings. 


10 


rd  Read  Frequency  No.  of  Variable 

>e  Optional   by read cards name    Columns  Format 


Description  of  variable 


NSP 


41-43    13 


NO    BASISl   Test       1     DESCR(I)    1-40    5A8 


NGAME      41-44    14 


NO    BASISl   Test 


NOYRS      45-48    14 


NKOLS      49-52    14 


KOL(I)     53-76    614 


NO    BASISl   Test       1     SITE 


CYCL 


1-5     F5.0 


6-10    F5.0 


RINT  11-15  F5.0 

THIN  16-20  F5.0 

DLEV  21-25  F5.0 

AGEO  26-30  F5.0 

DENO  31-35  F5.0 

DBHO  36-40  F5,2 

GIDE  41-45  F5.0 

1     REGN(l)     1-8  F8.3 

VLLV(l)     9-16  F8.3 


Code  number  of  the  species  being 
examined.  Used  to  select  species- 
specific  relationships. 

Phrase  to  describe  conditions  of  one 
test;  to  Identify  output. 

Number  of  trials  (games)  to  be 
operated  in  one  test. 

Number  of  years  simulated  in  each 
game.  Can  be  up  to  150,  but  will 
usually  be  less. 

Number  of  columns  of  REPRT2  to  be 
printed  by  SUMRY. 

Numbers  of  the  columns  of  REPRT2  to 
be  printed  by  SUMRY.   Column  numbers, 
1  to  40 ,  are  given  in  the  column  head- 
ings of  page  type  5  (Appendix  2). 

Site  index.   Base  age  and  crown  classes 
same  as  used  to  derive  growth  equa- 
tions. 

Interval  between  intermediate  cuts. 
Equal  to  or  a  multiple  of  RINT. 

Number  of  years  for  which  a  growth 
projection  is  made  by  the  equations 
in  YIELD. 

Density  level  after  initial  thinning 
at  age  AGEO.   Based  on  table  1  and 
procedure  given  in  description  of 
subroutine  YIELD.  May  equal  DLEV. 

Density  level  for  Intermediate  cuts 
after  Initial  thinning.   Based  on 
table  1  of  this  publication  and 
procedure  described  in  YIELD. 

Stand  age  at  time  of  initial  thin- 
ning.  First  age  given  in  the  yield 
table. 

Number  of  trees  per  acre  at  age  AGEO. 

Average  diameter  breast  high  of  the 
stand  at  age  AGEO. 

Base  level  of  set  of  growing  stock 
levels,  as  the  80.0  shown  in  the 
example  of  appendix  2. 

Stand  age  when  first  regeneration 
cut  will  occur.   Must  not  be  zero  or 
blank  as  this  is  rotation  length  for 
clearcutting. 

Percentage  of  previous  DLEV  to  be 
left  at  age  REGN(l).   Will  be  zero 
with  clearcutting. 
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Card  Read  Frequency  No.  of  Variable 

type  Optional   by read cards name    Columns  Format 


Description  of  variable 


CYCNW(l)   17-2A    F8.3 


REGN(2) 


25-32 


F8.3 


New  interval  between  cuts  in  effect 
after  age  REGN(l).  Will  be  zero  wit 
clearcuttlng. 

Stand  age  at  which  second  regenera- 
tion cut,  if  any,  will  occur.   Reraova 
of  seed  trees  or  second  cut  of 
shelterwood. 


VLLV(2)    33-40    F8.3    Percentage  of  previous  DLEV  (includ- 
ing effect  of  VLLV(l)  to  be  left  at 
age  REGN(2).   Will  be  zero  if  REGN(3 
equals  zero.  j 

CYCNW(2)   41-48    F8.3    New  interval  between  cuts  in  effect 

after  REGN(2).  Will  be  zero  if    , 
REGN(3)  equals  zero.  I 

REGN(3)    49-56    F8.3    Stand  age  at  which  third  regenera- 
tion cut,  if  any,  will  occur.   Final 
cut  of  3-cut  shelterwood. 


NO 


BASISl   Test 


AGMRCH      1-5     F5.0    Minimum  stand  age  for  an  acre  to  be 

included  in  growing  stock  volume. 

BFMRCH      6-10    F5.2    Minimum  volume  in  M  bd.  ft.  for  an 

acre  to  be  included  in  board-foot 
growing  stock  volume. 

BFSALV     11-15    F5.2    Minimum  volume  per  acre  in  M  bd.  ft. 

for  commercial  salvage  after  fire, 
wind,  or  other  loss. 

COMCU  16-20         F5.0         Minimum  cut  per  acre  in  merchantable 

cubic  feet  for  a  cut  to  be  of  posi- 
tive commercial  value. 


EXTCU      21-25    F5.0    Minimum  commercial  cut  per  acre  in 

merchantable  cubic  feet  when  by- 
product of  sawlog  operation. 

COMBF      26-30    F5.2    Minimum  cut  per  acre  in  M  bd.  ft. 

for  a  cut  to  be  of  positive  commer' 
cial  value. 

BFPCT      31-35    F5.3    Ratio,  as  a  decimal,  of  board-foot 

stumpage  values  of  thinnings  to 
board-foot  stumpage  values  of 
harvests. 

CFPCT      36-40    F5.3    Ratio,  as  a  decimal,  of  cubic-foot 

stumpage  values  of  thinnings  to 
cubic-foot  stumpage  values  of 
harvests. 

GNTR       41-45    F5.0    Any  number  between  0  and  1023  used 

to  generate  random  element  of  the 
increase  from  DBHT  to  DBHO.   Enter 
number  larger  than  1024  to  bypass 
this  step. 


4 


4 
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ird  Read   Frequency  No.  of  Variable 

iTpe  Optional   by read    cards name    Columns   Format 


Description  of  variable 


BDPRI 


7     YES    BASISl    Test 


8     YES    BASISl    Test 


9     NO     BASIS 2    Game 


15 


15 


CFPRI 


PRICF(I) 


PRIBD(I) 


GMNAM(I) 


46-50    F5.2    Stumpage  price  per  M  bd.  ft.  of  final 
harvest  if  price  is  constant  for  all 
years  of  a  game.  Enter  zero  if  vari- 
able prices  will  be  entered  with  card 
type  8. 

51-55    F5.2    Stumpage  price  per  100  cubic  feet  of 
final  harvest  if  price  is  constant 
for  all  years  of  a  game.  Enter  zero 
if  variable  prices  will  be  entered 
with  card  type  7. 


1-80   10F8.3 


1-80   10F8.3 


Stumpage  price  per  100  cubic  feet  of 
harvest  for  each  of  150  years.  Used 
when  CFPRI  equals  zero. 

Stumpage  price  per  M  bd.  ft.  of  har- 
vest for  each  of  150  years.   Used 
when  BDPRI  equals  zero. 


1-24    3A8     Descriptive  name  to  identify  each 
game  of  a  test. 


LAND       25-28    14      Total  acres  in  simulated  working 

circle.  Maximum  is  1,000  acres. 


MOLD 


NONSTK 


KAREA 


IPLNT 


DEFOR 


3     YES    BASIS2   Game 


29-32 


33-36 


37-40 


41-44 


45-52 


L     NO     BASIS2   Game 


ANUL       53-60 


10     lACRE(I)    1-72 


PRIDIV(I)    1-80 


14      Age  of  oldest  stand  in  the  working 
circle  at  start  of  a  game.  Maximum 
is  179  years. 

14      Number  of  acres  nonstocked  at  start 
of  a  game.   Does  not  include  acres 
harvested  the  year  before  simulation 
begins  if  regeneration  will  take 
place  in  the  allotted  time. 

14      Number  of  acres  in  each  1-year  age 
class  when  there  is  equal  area  in 
each  class  except  for  NONSTK. 

14      Number  of  acres  of  NONSTK  regenerated 
annually  by  direct  seeding  or  plant- 
ing at  a  cost  of  CPLT  per  acre. 

F8.5    Percentage,  as  a  decimal,  of  the  area 
of  forest  lost  annually  to  fire,  wind, 
etc. 

F8.5    Any  number  between  0  and  127  used  to 
begin  generation  of  pseudorandom 
numbers  that  represent  ages  of  stands 
lost  to  fire  or  other  agency. 

1814    Acres  in  each  1-year  age  class  from  0 
to  not  more  than  179.   Use  if  con- 
stant area  KAREA  is  not  wanted.   In- 
clude NONSTK  in  lACRE(l)  as  well  as 
on  card  type  9. 

10F8.3  Limiting  prices  used  to  determine 

annual  cut  in  acres  and  minimum  cut- 
ting age. 
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Card  Read  Frequency  No.  of  Variable 

type  Optional   by read    cards name    Columns  Format 


Description  of  variable 


12 


NO 


BASIS2   Game 


13  NO     BASIS2   Game 

14  NO    BASIS2   Game 


MALCUT(I)    1-40 

FMRCHD(I)    1-80 
RATE        1-8 


CPLT 


9-16 


CTHN       17-24 


CLOSS      25-32 


ACCST      33-40 


CUCST      41-48 


BFCST      49-56 


1014    Allowable  annual  cut  In  acres.  May 

vary  with  PRIDIV(I). 

10F8.3  Minimum  cutting  age.  May  vary  with 
PRIDIV(I). 

F8.3    Rate  of  annual  increase  in  costs. 
Enter  zero  if  constant  costs  are 
desired.  Otherwise,  enter  percent- 
age as  a  decimal. 

F8.3    Cost  of  regenerating  1  acre  by  seed- 
ing or  planting. 

F8.3    Cost  per  acre  of  noncommercial 

thinning  with  stand  conditions  as 
specified  for  the  simulation. 

F8.3    Cost  per  acre  of  cleanup  after  loss 
due  to  fire,  wind,  etc.,  when  volume 
that  can  be  salvaged  is  less  than 
BFSALV. 

F8.3    Total  per  acre  for  1  year  of  the 
annual  costs  that  can  be  assessed 
by  area. 

F8.3    Total  of  the  costs  that  can  be 
assessed  against  each  100  cubic 
feet  harvested. 

F8.3    Total  of  the  costs  that  can  be 
assessed  against  each  M  bd.  ft. 
harvested. 


Modification  of  MANGD2 

The  program  can  be  adapted  readily  for 
simulations  of  species  other  than  those  repre- 
sented in  the  listing  of  appendix  1.  Replacement 
of,  or  additions  to,  statements  in  subroutines 
YIELD,  VOLS,  CUTS,  HRVST,  CLEAR,  and 
SHWD  are  needed.  The  program  listing 
(appendix  1)  contains  COMMENT  statements 
that  name  the  species-specific  statements.  Each 
statement  is  identified  in  YIELD  because  of 
the  length  of  the  subroutine.  Elsewhere,  the 
species-specific  statements  are  named  at  the 
beginning  of  the  routine. 

As  stated  in  the  description  of  MANGD2, 
each  species-specific  statement  can  appear  in 
several  versions,  one  for  each  species  of  interest. 
In  the  listing  of  appendix  1,  specific  statements 
are  given  for  two  species.  Space  iz  provided  for 
a  third  species  in  the  form  of  dummy 
CONTINUE  statements.  The  simplest  modifica- 
tion for  another  species  is,  therefore,  to  replace 


the  dummy  statements  with  appropriate  relation- 
ships applicable  to  the  new  species. 

Species-specific  relationships  are  described 
briefly  below.  Additional  details  on  necessary 
field  work  and  analysis  are  given  elsewhere 
(Myers  1971). 


1.   Diameter  increase  from  growth. 

Regression  analysis  of  data  obtained  on 
temporary  and/or  permanent  plots  provides 
the  equation  for  DBHO  in  subroutine  YIELD. 
Future  average  stand  d.b.h.  is  predicted  from 
present  stand  conditions.  For  ponderosa  and 
lodgepole  pines,  present  d.b.h.,  site  index, 
and  present  basal  area  per  acre  are  useful 
variables.  The  prediction  period  of  the  equa- 
tion is  determined  by  the  number  of  rings 
measured  on  increment  cores  from  temporary 
plots  or  from  the  interval  between  records 
on  permanent  plots. 
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2.   Diameter  increase  from  thinning. 

Change  in  average  stand  diameter  caused 
by  intermediate  cutting  is  determined  by 
CUTS  with  the  statements  for  DBHE  and 
PDBHE.  Regression  analysis  of  data  obtained 
during  repeated  trial  marking  of  plots  to 
numerous  intensities  of  cutting  is  used  to 
obtain  the  relationships.  In  CUTS,  post- 
thinning  d.b.h.  (DBHE)  is  a  function  of 
prethinning  d.b.h.  and  the  percentage  of 
trees  to  be  retained.  DBHE  is  computed 
directly  if  the  percentage  of  trees  to  be  re- 
tained is  at  least  50  percent.  With  fewer 
trees  retained,  the  relationship  is  highly 
nonlinear,  so  PDBHE  is  computed  and  its 
antilogarithm  becomes  DBHE. 

Simulation  may  be  used  to  supplement 
the  field  data,  if  the  results  are  checked  be- 
fore use  (Myers  1971). 


3.   Residuals  of  the  DBHO  equation. 

Optional  computation  of  random  ele- 
ments to  be  added  to  each  predicted  DBHO 
is  covered  in  the  description  of  subroutine 
YIELD.  Residuals  used  to  compute  the 
polynomial  for  RES  come  from  the  field  data 
and  related  regression  equation  for  DBHO 
described  in  item  one,  above  (Evans  et  al. 
1967). 


4.  Average  stand  height. 

Heights,  ages,  and  site  indexes  obtained 
on  plots  where  height  growth  apparently  has 
never  been  reduced  by  high  stand  density 
are  used  to  obtain  estimators  of  HTSO. 
Heights  from  good  site  index  curves  or 
tables  may  supplement  or  substitute  for  field 
data  if  based  on  the  same  crown  classes  used 
in  the  stand  volume  equation,  described 
below.  In  MANGD2,  average  dominant  and 
codominant  heights  are  used  wherever  stand 
heights  enter  calculations. 

5.  Increase  in  average  height  from  thinning. 

Data  to  compute  the  relationships  for 
ADDHT  in  YIELD  are  obtained  the  same  way 
as  those  used  to  estimate  changes  in  average 
d.b.h.  Repeated  trial  markings  of  numerous 
stands  to  many  reserve  levels  will  provide: 
(1)  initial  average  height,  (2)  postthinning 
average  height,  and  (3)  the  percentage  of 
trees    retained.    Relationships  for  ADDHT 


compute  the  amount  of  change  in  height,  or 
the  difference  between  prethinning  and  post- 
thinning  averages,  as  a  function  of  the 
percentage  of  trees  retained.  The  crown 
classes  measured  must  be  the  same  as  for 
other  measures  involving  height,  dominants 
and  codominants  in  the  case  of  MANGD2. 
At  each  cutting,  the  current  value  of 
ADDHT  is  added  to  height  before  thinning, 
HTSO,  to  obtain  height  after  thinning,  HTST. 
It  is  also  added  to  a  cumulative  sum  of 
changes,  HTCUM,  so  computed  heights  be- 
fore thinning  will  show  the  effects  of  past 
treatments  as  well  as  of  increased  age. 


6.   Noncatastrophic  mortality. 

The  number  of  trees  that  die  in  a  given 
period  is  expressed  as  a  percentage  of  the 
number  of  trees  alive  at  the  beginning  of  the 
period.  This  percentage,  DIED,  is  estimated 
in  YIELD  from  average  stand  d.b.h.  and  basal 
area,  both  at  the  beginning  of  the  period. 
Data  come  from  permanent  plots  and  from 
temporary  plots  in  areas  where  dead  trees 
were  removed  a  known  number  of  years 
prior  to  measurement.  Each  percentage  is 
converted  to  a  decimal  before  regression 
analysis. 

Subroutine  YIELD  produces  yield  tables 
for  managed  stands  where  density  is  kept  at 
a  reasonable  level  by  repeated  thinnings. 
Reduction  in  numbers  of  trees  is,  therefore, 
minor  and  erratic,  just  as  it  is  in  actual 
thinned  stands  of  ponderosa  and  lodgepole 
pines.  In  fact,  a  prediction  equation  could 
not  be  found  for  such  stands  with  an 
average  d.b.h.  of  10.0  inches  or  larger.  Thus 
each  mortality  equation  in  YIELD  is  preceded 
by  a  logical  IF  statement  with  10.0  in  the 
comparison. 


7.  Stand  volume  equation. 

The  basic  volume  computation  in 
MANGD2  is  the  determination  of  total  cubic 
volume  per  acre  (CUFT)  by  subroutine  VOLS. 
This  is  the  sum  of  the  cubic-foot  volumes 
from  ground  line  to  tip  of  all  trees  more 
than  4.5  feet  tall.  Volumes  in  other  units  are 
computed  by  multiplying  total  cubic-foot 
volumes  by  conversion  factors. 

Plot  volumes  are  determined  by  appro- 
priate methods  in  all  units  of  interest, 
including  total  cubic  feet.  Other  measure- 
ments are  also  obtained  for  use  in  regression 
analysis.    Two    forms  of  stand    volume 
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equation  appear  in  subroutine  VOLS.  They 
are: 

V  =  (a  +  biD%  +  b2B)  X  N 

V  =  (a  +  biD2H)  X  N 

Another   form    that    has   proven  useful  is: 

V  =  a  +  b^BH  +  b2D 

Where 

V  =  gross  total  cubic  volume  per  acre. 
D  =  average  stand  d.b.h.  in  inches. 
H   =   average  height  of  dominant  and  co- 
dominant  trees. 
B  =  basal  area  per  acre  in  square  feet. 
N  =  number  of  trees  per  acre. 

Two  statements  are  used  for  each  species, 
because  the  relationships  are  not  linear  over 
the  ranges  of  BH  or  D^H  needed  for  the 
yield  tables.  In  data  for  regression  analysis 
for  the  first  two  equations,  the  dependent 
variable  is  cubic  volume  per  acre  divided  by 
number  of  trees. 


the  basic  data,  cubic-  and  board-foot  volumes 
of  all  trees  above  minimum  size  for  saw  logs 
are  summed  to   obtain  equivalent  volumes 
per  acre.   Tree  data  come  from   the  same 
plots  used  for  other  volume  items  described      i 
above.     Dependent  variable  for  regression      | 
analysis    is     merchantable   cubic   feet    per 
thousand  board  feet.  Independent  variables 
for  the  pines  used  as  examples  are  average 
d.b.h.  and  thousands  of  board  feet  per  acre. 
The  equation  for  ADD  is  used  as  follows: 

1.  Cubic  volume  contained  in  saw  logs  is 
computed. 

2.  This  volume  is  subtracted  from  the  entire 
amount  of  merchantable  cubic  feet  in  the 
cut. 

3.  The  difference  is  used  in  computations  as 
the  cubic  volume  obtainable  as  a  byproduct      , 
of  the  saw-log  operation.  j 

Possible  modifications  of  MANGD2  for  pur- 
poses other  than  changes  of  species  are  given     J 
in  the  description  of  the  appropriate  subroutine.     1 


8.    Volume  conversion  factors. 

Factors  to  convert  total  cubic  feet  to 
other  units  are  computed  by  VOLS.  Two 
factors  are  produced:  (1)  FCTR  to  obtain 
merchantable  cubic  feet  from  top  of  stump 
to  minimum  merchantable  top,  and  (2)PR0D 
to  obtain  volume  in  board  feet.  As  mentioned 
previously,  relationships  for  other  units  of 
measure  or  other  utilization  standards  may 
replace  those  listed  in  appendix  1. 

Volumes  per  acre  in  various  units  are 
obtained  as  described  for  the  previous  item. 
Ratios  are  then  computed,  such  as:  (1)  mer- 
chantable cubic  feet  per  total  cubic  foot,  and 
(2)  board  feet  per  total  cubic  foot.  These 
ratios  are  then  used  as  dependent  variables 
in  regression  analyses  involving  average 
stand  d.b.h.  and  basal  area.  Several  equations 
for  each  factor  and  species  are  shown  in 
VOLS  so  the  relationships  can  be  expressed 
by  simple  linear  functions  over  a  wide  range 
of  d.b.h. 


9.    Cubic  feet  from  saw-log  cut. 

The  equations  for  ADD  in  subroutines 
HRVST,  CLEAR,  and  SHWD  estimate  the 
merchantable  cubic  feet  obtained  in  the 
board-foot  portion  of  saw-log  cuts.  To  obtain 


An  Application  of  MANGD2 

The  test  problem  that  follows,  demonstrates 
most  computations  possible  with  MANGD2  and 
the  printed^  results  obtained.  It  may  be  used  to 
verify  accuracy  of  source  decks  and  compatibility 
of  the  program  with  locally  available  compilers. 
The  data  deck  is  listed  in  figure  2.  Although 
the  growth  projections  use  relationships 
applicable  to  Black  Hills  ponderosa  pine,  costs 
and  prices  are  hypothetical.  Results  of  the 
simulation  are  therefore  examples  only,  and 
do  not  apply  to  any  real  forest  area. 

Assume  an  area  of  885  acres  of  managed 
ponderosa  pine  stands  that  range  from  0  (just 
harvested)  to  139  years  old  at  the  end  of  a  year 
of  operations.  Management  is  by  3-cut  shelter- 
wood,  with  controlling  stand  ages  and  intervals 
as  shown  in  figure  1.  Overstory  stands  range 
in  age  from  30  to  139  years  old,  with  8  acres  in 
each  1-year  age  class.  Understory  stands  range 
from  0  (understory  absent)  to  29  years  old. 
There  are  8  acres  in  each  1-year  age  class  of 
the  understory,  including  age  0,  plus  an  addi- 
tional 645  acres  of  age  0  where  understory  does 
not  exist.  Understories  are  established  where 
overstory  stands  are  111  to  139  years  old.  There 
are  5  acres  of  old  burn  and  windthrow  that  will 
be  seeded  or  planted  at  the  rate  of  one  acre 
annually.  Annual  losses  to  fire,  wind,  and  other 
agencies  average  0.04  percent  of  the  forested 
area.  Site  index  of  all  acres  is  70  feet  (base  age 
100  years). 
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SHELTERWOOD  TEST 

1 

BLACK  HILLS  PONDEROSA  PINE 

1 

MANAGED, 

THINNED 

AT  AGE  30 

. 

2   30 

2   10 

40 

70    20    10 

120   100 

30   950   48 

80 

110 

50 

20 

130 

50 

10 

140 

40   15    15 

300   100 

15    85 

1 

2222   0 

25 

1450 

1520 

1780 

1680 

1340 

1410 

1740 

1180 

1110 

1220 

1290 

1010 

830 

900 

1090 

1390 

1310 

1190 

1270 

1570 

1360 

1210 

1520 

1610 

1670 

1960 

1850 

1470 

1550 
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Figure   2. — Data   deck  for   test   problems. 


Stands  will  be  regenerated  by  3-cut  shelter- 
wood  and  will  be  thinned  at  20-year  intervals, 
beginning  with  a  precommercial  cut  at  age  30. 
Shelterwood  after  the  first  regeneration  cut 
will  have  half  the  basal  area  that  would  be  left 
if  the  operation  were  an  intermediate  cut.  Basal 
area  retained  after  the  second  regeneration  cut 
will  be  half  that  left  after  the  first  cut.  Stands 
30  years  old  on  land  of  site  index  70  are  ex- 
pected to  have  950  trees  per  acre  that  average 
4.8  inches  in  diameter.  Initial  thinning  will  be 
to  level  120  or  120/80  times  the  basal  areas  in 
table  1.  Subsequent  intermediate  cuts  will  be  to 
level  100,  or  100/80  times  tabulated  basal  areas. 

Values  in  the  first  line  of  the  yield  table 
describe  stand  conditions  just  prior  to  initial 
thinning.  To  increase  the  realism  of  simulations, 
it  is  necessary  to  have  some  knowledge  of  what 
may  be  expected  for  various  combinations  of 
stand  conditions.  Actual  unthinned,  young 
stands  can  be  examined  to  determine,  for  each 
site  index  class,  the  average  d.b.h.  resulting 
from  various  combinations  of  stand  age  and 
number  of  trees  per  acre.  Influence  of  an  over- 


story  is  included,  as  necessary,  where  shelter- 
wood  or  seed  tree  systems  are  used.  The 
combination  of  d.b.h.,  density,  and  site  index 
selected  for  the  first  line  of  the  table  will  be 
the  one  that  best  represents  the  regeneration 
goal  for  the  working  group. 

Potential  prices  of  two  products  have  been 
estimated  for  each  of  the  next  30  years.  The 
stumpage  price  of  100  cubic  feet  of  roundwood 
from  mature  trees  or  from  thinnings  is  expected 
to  be  $2.50  throughout  the  period.  Price  of  a 
thousand  board  feet  of  mature  saw  logs  is  ex- 
pected to  vary  annually,  as  shown  in  column 
28  of  page  type  5  of  the  printout  of  annual 
results  (appendix  2).  Saw  logs  from  thinnings 
will  sell  for  85  percent  of  the  price  of  logs  from 
regeneration  cuts.  A  minimum  commercial  cut 
of  saw  logs  will  be  1,500  board  feet  per  acre. 
Minimum  commercial  cuts  per  acre  of  round- 
wood  will  be  300  cubic  feet  from  roundwood 
sales  and  100  cubic  feet  as  a  byproduct  from 
saw-log  operations. 

Current  value  of  the  growing  stock  will  be 
computed  only  for  stands  at  least  40  years  old. 
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Value  will  be  computed  for  cubic  volume  for 
acres  with  less  than  1,500  board  feet.  Otherwise 
board-foot  volumes  will  be  used. 

Present  costs  of  various  operations  are  as 
follows: 

Costs  per  acre- 
Seeding— S30.00 

Precommercial  thinning— $25.00 
Cleanup  where  salvage  is  not  pos- 
sible—$25.00 
Annual  costs— $0.20 
Costs  assessed  against  volume  sold— 
Per  100  cubic  feet— $0.05 
Per  thousand  board  feet— $1.56 

These  costs  are  expected  to  increase  at  a  rate 
of  1  percent  annually.  Resources  are  available 
to  seed  1  acre  each  year. 

Two  possible  means  of  setting  the  allowable 
annual  cut  are  to  be  tested.  One  alternative  is 
to  harvest  8  acres  annually,  less  any  catastrophic 
losses,  regardless  of  price  fluctuations.  A  second 
possibility  is  to  harvest:  (1)  5  acres  if  stumpage 
price  per  thousand  board  feet  is  $12.00  or  less, 

(2)  8  acres  if  the  price  is  $12.01  to  $15.00,  and 

(3)  12  acres  if  price  exceeds  $15.00  per  thousand. 
Regeneration  will  not  be  started  in  stands  less 
than  110  years  old. 

Periodic  production  in  board  feet  and  total 
net  worth  will  be  compared.  Values  needed  to 
obtain  rates  earned  will  be  computed. 

Data  cards  to  enter  the  above  values  into 
computer  memory  must  contain  the  alphameric 
characters  shown  in  figure  2.  Card  types  7  and 
10  are  not  included  in  the  data  deck  because 
the  options  that  require  them  will  be  bypassed. 

Test  conditions  and  results  of  the  simula- 
tions are  printed  on  seven  types  of  pages 
(appendix  2).  The  first  two  types,  (1)  a  yield 
table,  and  (2)  tables  of  volumes  per  acre  for 
each  year  of  stand  age,  appear  once  because 
one  test  was  run.  Four  types  of  pages  are 
printed  for  each  of  the  two  games.  The  seventh 
type  of  page  appears  once  at  the  end  of  the 
printout  to  summarize  specified  results  of  the 
two   games. 

The  two  sheets  of  "alternatives  for  this 
game"  show  the  values  used  in  the  simulations, 
including  the  different  allowable  cuts  and 
cutting  ages  tested. 

Distributions  of  acres  by  age  classes  (page 
type  4)  appear  on  two  sets  of  pages,  one  set 
for  each  game.  Pages  for  year  zero  show  8 
acres  of  overstory  in  each  1-year  age  class  from 
30  to  139  years.  Age  class  zero  has  an  additional 
5  acres  of  nonstocked  area.  At  year  zero,  there 
are  8  acres  of  understory  in  each  1-year  class 
from  0  to  29  years.  Total  acres  of  understory  in 
the  zero  age  class  is  653  to  account  for  the 
acres  not  in  process  of  regeneration  that  have 


only  one  story  (fig.  1).  Acreages  are  the  same 
for  both  games,  because  initial  distributions 
were  the  same. 

Type  4  pages  are  printed  at  the  end  of  the 
first  year  of  each  game  and  at  the  end  of  each 
decade.  For  brevity,  only  the  pages  printed 
after  the  thirtieth  year  of  each  game  are  repro- 
duced in  appendix  2.  After  30  years  of 
simulation,  losses  and  direct  seeding  have 
modified  the  pattern  of  8-acre  units.  In  addition, 
area  distributions  of  the  second  game  have  been 
changed  by  the  variable  annual  cuts. 

The  fifth  type  of  page  is  a  set  of  five  pages 
for  each  game.  Values  in  many  of  the  40 
numbered  columns  differ  between  games. 
Volumes  are  unequal  because  of  variations  in 
annual  cuts  of  mature  timber  during  the  second 
game.  This  caused  money  values  to  differ  from 
those  reported  for  the  first  game. 

A  page  of  discounted  money  values,  the 
sixth  type  of  page,  is  printed  for  each  game. 
Rate  of  return  was  about  the  same  for  both 
games.  Both  operations  were  profitable.  In 
addition,  the  forest  would  probably  be  in  good 
condition  to  produce  other  products,  especially 
recreation. 

Last,  specified  values  from  each  game  were 
printed  together  for  convenience  in  interpreta- 
tion of  results.  Total  volume  in  board  feet  of 
all  cuts  plus  growing  stock  (column  10)  was 
slightly  higher  after  30  years  where  equal  areas 
were  cut  each  year.  After  the  second  year,  total 
net  worth  (column  40)  was  greater  where  annual 
cuts  varied  with  price. 

It  must  be  emphasized  that  results  of  these 
or  other  simulations  depend  on:  (1)  duration  of 
the  games,  (2)  values  entered  for  the  various 
variables,  (3)  assumptions  made,  and  (4)  degree 
to  which  the  system  model  represents  reality. 

The  above  information,  additional  data,  and 
knowledge  of  local  conditions  would  help  the 
forest  manager  decide  how  he  might  best  con- 
duct his  business.  Money  yields  might  encourage 
the  manager  to  vary  annual  cuts  in  response  to 
changes  in  stumpage  price.  Highly  variable 
annual  cuts  and  equally  variable  net  incomes 
could  suggest  that  additional  simulations  be 
run  to  test  other  alternatives.  Cost  of  computer 
time  need  not  restrict  the  manager  in  his 
search  for  information.  The  test  problem  was 
compiled  and  run  on  a  CDC  6400  computer  in 
66  seconds  of  central  processor  time  and  47 
seconds  of  input-output  time.  Times  for  a 
similar  problem  with  clearcutting  were  63  and 
47  seconds,  respectively.  Opportunities  for  cost 
reductions  with  repeat  runs  are  great.  Compila- 
tion, avoidable  with  use  of  a  binary  deck  for 
the  source  program,  took  50  seconds  of  the  total 
central  processor  time. 
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Appendix   1:      Lisliiig  of  Program   MANGD2 


PROGRAM  MANGD2  C  "!0L0  =  4GE  Qf  OLHRST  ACRE  IN  WORKING  CIRCLE  AT  STAUT  Of  A  GAME. 

1  (  INPUT, OUTPUT, TAPE5=INPUT,TAPE6=0UTPUTI  C  NACnS(I)  =  ACDES  Qf  OVFRSTIIRY  IN  EACH  1-YEAR  ACf  CLASS  I. 

C  NACUiMdl  =  ACRES  OF  UNDERSTORY  IN  EACH  1-YEAR  AGE  CLASS  I. 

SIMULATE  MANAGEMENT  OF  EVEN-AGED  TIMBER  STANDS.  C  NGAME  =  NU^'BER  OF  GAMES  PER  TEST. 

L  STATEMENTS  TO  BE  HOOIFIEO  FOR  OTHER  SPECIES  ARE  IN  SUFIROUTINES  C  NKOLS  =  NUVflFK  OF  COLUMNS  OF  RFPRT2  TO  BE  PRINTED  BY  SUMRY. 

ELD,  VOLS,  CUTS,  HRVST,  CLEAR,  SHWD.  C  'lONSTK  =  NOiJSTOCKFD  ARFA  FRO"  FIRE  OR  OTHER  CATASTROPHE. 

C  MOYRS  =  NUMBER  OF  YEARS  IN  A  CAMF. 

=INITIONS  OF  VARIABLES.  C  NSP  =  CODE  NUMBER  FOR  SPtCIES  BEING  RUN.   USED  TO  SELECT  SPECIES- 

C  SPECIFIC  RELATIONSHIPS  IN  SUBRtlUT  INFS. 

ACCST  =  ANNUAL  COST  PER  ACRE.  C  NSU>«II)  =  TOTAL  ACRES  IN  UNDERSTORY  FOR  EACH  IQ-YfcAR  AGE  CLASS  I. 

ADO  =  CUBIC  FEET  IN  SUBSAWLOG  TREES  OBTAINABLE  DURING  SAWLOG  CUT.  C  NTSTS  =  NUMBFR  OF  TESTS  IN  BATCH. 

ADDHT  =  CHANGE  IN  AVERAGE  STAND  HEIGHT  BY  THINNING.  C  PRET  =  PERCENTAGE  OF  TREES  RFTAINFD  AFTER  THINNING. 

AGEO  =  INITIAL  AGE  IN  YIELD  TABLE.  C  PREVII)  =  PRESENT  VALUE  OF  GROWING  STOCK  AND  INCOMES. 

AGEOSIII  =  AGE  OF  OVFRSTORY  STAND  ON  ACRE  I,  AGE  QF  ENTIRE  STAND  C  PRIBDII)  =  STUWPAGE  PRICE  PER  M  BD.  FT.  IN  YEAR  I. 

FUR  CLEARCUTTING.  C  PRICF(I)  =  STUMPAGF  PRICE  PER  lOu  CU.  FT.  IN  YEAR  I. 

AGEUN(I)  =  AGE  OF  UNDERSTORY  STAND  ON  ACRE  I.  C  ORlDIVdl  =  PKICrS  USED  TO  SET  POLICY. 

AGMRCH  =  MINIMUM  AGE  FOR  STAND  TO  BE  INCLUDED  IN  GROWING  STOCK.  C  PROD  =  BOARD  FEET  PER  TOTAL  CUBIC  FOOT. 

ANBOFIII  =  M  60.  FT.  PER  ACRE  AT  END  OF  YEAR  I,  IN  YIELD  TABLE.  C  PWTHIII  =  PRESENT  WORTH. 

ANCUV(I)  =  CU.  FT.  PER  ACRE  AT  END  OF  YEAR  I,  IN  YIELD  TABLE.  C  RATE  =  RATE  OF  ANNUAL  INCREASE  IN  COSTS. 

ANNET  =  ANNUAL  NET  INCOME.  C  RFGNdl  -  STAND  AGE  WHEN  REGENERATION  CUT  I  OCCURS. 

ANUL  =  NUMBER  BETWEEN  0  AND  127  USED  TO  START  GENERATION  OF  C  RES  =  RANDOM  VALUE  FROM  DISTRIBUTION  OF  RESIDUALS  OF  EQUATION  FOf 

PSEUDORANDOM  NUMBERS.  C  DSHD. 

BASC  =  BASAL  AREA  REMOVED  PER  ACRE,  IN  YIELD  TABLE.  C  R^THV  -  ANNUAL  RETURN  FROM  FINAL  HARVEST. 

BASO  =  BASAL  AREA  PER  ACRE  BEFORE  THINNING,  IN  YIELD  TABLE.  C  RETRN  =  ANNUAL  INCOME  FROM  STUMPAGC. 

BAST  =  BASAL  AREA  PER  ACRE  AFTER  THINNING,  IN  YIELD  TABLE.  C  RETTH  =  ANNUAL  RETURN  FROM  THINNINGS. 

BATCHIl)  =  JOB  NAME.  C  HINT  =  NUMBER  OF  YEARS  FOR  WHICH  GROWTH  PROJECTION  IS  MADE. 

BDECII)  =  M  BD.  FT.  REMOVED  PER  ACRE  IN  YEAR  I,  IN  YIELD  TABLE.  C  ROTA  =  OLDEST  STAND  AGF  TO  BF  GIVEN  IN  YIELD  TABLE. 

BDFOII)  =  M  BD.  FT.  PER  ACRE  BEFORE  THINNING  IN  YEAR  I,  IN  YIELD  C  SALVB  =  TOTAL  BOARD-FOHT  VOLUME  SALVAGED  ANNUALLY. 

TABLE.  C  SCLOSS  =  TOTAL  ANNUAL  COST  OF  SALVAGE  ANO  CLEANUP. 

BDFT(I)  =  M  BD.  FT.  PER  ACRE  AFTER  THINNING  IN  YEAR  I,  IN  YIELD  C  SCPLT  =  TOTAL  ANNUAL  PLANTING  COST. 

TABLE.  C  5CTHN  =  SUM  OF  PRE CQMMERC I AL  THINNING  COSTS. 

BDPRI  =  CONSTANT  STUMPAGE  PRICE  PER  M  BD.  FT.  C  SITE  =  SITE  INDEX. 

BFCST  =  COSTS  PER  M  BD.  FT.  HARVESTED.  C  SPEC(I)  =  NAME  OF  SPECIES  FOR  WHICH  RUN  IS  BEING  MADE. 

BFMRCH  =  MINIMUM  VOLUME  TO  BE  INCLUDED  IN  BD.  FT.  GROWING  STOCK.  C  SQFT  =  BASAL  AREA  FOR  SPECIFIED  AVFRAGE  D.B.H.  BASIS  GROWING  STOC 

BFPCT  =  PCT.  TO  CONVERT  BD.  FT.  PRICE  FOR  THINNINGS.  C  LEVEL  STANDARDS. 

BFSALV  =  MINIMUM  M  BD.  FT.  FOR  COMMERCIAL  SALVAGE.  C  SUMMII.J.K)  =  ARRAY  OF  IVAR(I,J)  AND  VARII.JI  FOR  PRINTING  BY 

CFMC(I)  =  MERCHANTABLE  CU.  FT.  REMOVED  PER  ACRE  IN  YEAR  I,  IN  C  SUMKY  -  NUMBER  I  IN  LIST  OF  COLUMNS,  YEAR  J,  GAME  K. 

YIELD  TABLE.  C  TCOST  =  TOTAL  ANNUAL  COSTS. 

CFMOdI  =  MERCHANTABLE  CU .  FT.  PER  ACRE  BEFORE  THINNING  IN  YEAR  I,   C  THIN  =  GROWING  STOCK  LEVEL  FOR  INITIAL  THINNING. 

IN  YIELD  TABLE.  C  TOTC  =  TOTAL  CUBIC  FEET  REMOVED  PER  ACRE,  IN  YIELD  TABLE. 

CFMT(I)  =  MERCHANTABLE  CU.  FT.  PER  ACRE  AFTER  THINNING  IN  YEAR  I,  C  TOTO  =  TOTAL  CUBIC  FFET  PER  ACRE  BEFORE  THINNING,  IN  YIELD  TABLE. 

IN  YIELD  TABLE.  C  TOTT  =  TOTAL  CUBIC  FFET  PER  ACRE  AFTER  THINNING,  IN  YIELD  TABLE. 

CFPCT  =  PCT.  TO  CONVERT  CU.  FT.  PRICE  FOR  THINNINGS.  C  TRETII)  =  INDEX  TO  SHOW  CURRENT  TREATMENT  STATUS  OF  ACRE  I  IF 

CFPRl  =  CONSTANT  STUMPAGE  PRICE  PER  100  CU.  FT.  C  CLEARCUTTING  NOT  USED. 

CLOSS  =  COST  OF  CLEANUP  OF  ACRE  NOT  SALVAGED.  C  VARII.J)  =  VARIABLES  PRINTED  BY  REPRT2,  ITEM  I,  YEAR  J. 

COMBF  =  MINIMUM  COMMERCIAL  CUT  IN  M  BD.  FT.  C  VBHV  =  BOARD-FOOT  VOLUME  FROM  HARVESTS. 

COMCU  =  MINIMUM  COMMERCIAL  CUT  IN  CU.  FT.  C  VBTH  =  BOARD-FOOT  VOLUME  FROM  THINNING. 

CPLT  =  PLANTING   COST  PER  ACRE.  C  VCHV  =  CUBIC-FOOT  VOLUME  FROM  HARVESTS. 

CRATE! I)  =  INTEREST  RATES  FOR  DISCOUNTING.  C  VCTH  =  CUBIC-FOOT  VOLUME  FROM  THINNING. 

CSTAC  =  ANNUAL  COSTS  BASED  ON  AREA.  C  VLBF  =  VOLUME  HARVESTED,  H  60.  FT. 

CSTVL  =  ANNUAL  COSTS  FOR  VOLUME  HARVESTED.  C  VLCU  =  VOLUME  HARVESTED,  CU.  FT. 

CTHN  =  COST  PER  ACRE  OF  PRECOMMERC I AL  THINNING.  C  VLLV(I)  =  PERCENT  OF  PREVIOUS  DLEV  TO  BE  LEFT  AT  REGNd),  ENTEREC 

CUCST  =  COSTS  PER  100  CUBIC  FEET  HARVESTED.  C  AS  A  DECIMAL. 

CUFT  -    TOTAL  CUBIC  FEET  PER  ACRE  FROM  STAND  VOLUME  EQUATION,  IN  C  YRLOS  =  NUMBER  OF  ACRES  LOST  ANNUALLY. 

YIELD  TABLE.  C  YSDMII)  =  AVERAGE  D.B.H.  AFTER  THINNING  AT  STAND  AGE  I. 

CUTAGE  =  MINIMUM  CUTTING  AGE.  C 

CYCL  =  INTERVAL  BETWEEN  INTERMEDIATE  CUTS.  COMMON  BATCH ( 3 1 , FL AGl , FL AG2 , IGAME , I TES T , I  YE AR 

CYCNWIII  =  NEW  CUTTING  CYCLE  AFTER  REGENERATION  CUT  I.  COMMON  AGEO, AGMRCH, A-IBDFI 18 1  I , ANCUVI  18 1 ), BFMRCH, BFPC T , BF SAL V.CFPC 

DBHE  *  AVERAGE  STAND  D.B.H.  AFTER  REMOVAL  OF  A  PERCENTAGE  OF  THE  1 ,COMBF ,COMCU , CYCL , CYCNW M ) , DBHO, UENO, OESCR ( 5  I , OLE V ,G I DE ,GNTR , 

LIVE  TREES.  2KnL(6),NGAME,NK0LS,N0YRS,NSP,PRIB0dS0),PRICF(150l,REGNI"»),RINT, 

DBHO  =  AVERAGE  STAND  D.B.H.  BEFORE  THINNING,  IN  YIFLD  TABLE.  3 S I TF , SPEC ( S )  , SUMM I  6 , 2S , 10  I , THIN, VLLV I  1 )  , EX TCU 

D6HT  =  AVERAGE  STAND  D.B.H.  AFTER  THINNING,  IN  YIELD  TABLE.  COMMON  BA , BAST , BDFCI  1 80 ) , BOFOI IBO I ,CFMC (  1 80 ) ,CFMO I  ISO) ,CUF T ,0BHT , 

OEFOR  =  PERCENTAGE,  AS  A  DECIMAL,  OF  NUMBER  OF  ACRES  LOST  ANNUALLY.  1 D I  AM d 80  I , FCTR, HI TE, JCYCL.NAGO, PRET, PROD, RE  ST ,ROTA , STAND, VDM , 

OENC  =  TREES  REMOVED  PER  ACRE,  IN  YIELD  TABLE.  2YS0M(180I 

DENO  =  TREES  PER  ACRE  BEFORE  THINNING,  IN  YIELD  TABLE.  COMMON  ACCST  ,  ANUL , BFC ST , CLOSS, CPL T , CSTAC , CSTVL , CTHN , CUCST ,DEFOR , 

DENT  =  TREES  PER  ACRE  AFTER  THINNING,  IN  YIELD  TABLE.  1 FMRCHD I  10 ) ,GMNAM I  3 ) , I  ACRE  I  I  80 ) ,  I ALCUT , I  PENT , I  V AR I  26, 1 50  I , 

DESCRd)  =  DESCRIPTION  OF  TEST  CONDITIONS.  2  J  VAR  I  1  5  , 1  50  )  ■  KQUNT  ,  L  AND,  L  AS  T  ,  MALCUT  (  10  I  ,  MOLD,  NACOS  I  180  1  , 

OIAMII)  =  AVERAGE  D.B.H.  BEFORE  THINNING  AT  STAND  AGE  I.  3NACUN  I  180  1  ,  NONSTK  ,  PR  I  D  I V  (  10  I  ,  k  ATE  ,  RETRN,  VA»  (  I'.,  1  SO  1  ,  YRLOS 

DIED  =  PERCENTAGE,  AS  A  DECIMAL,  OF  TREES  THAT  DIE  DURING  PERIOD  COMMON  AGE  OS  I  1000 ) , AGEUN I  1000 ) , ANNE T, CUTAGC , GSVAL8 ,GSVALC  ,GVLBF  , 

RINT.  lGVLCU,ISUMd8),IYRM,KACR,LOSS,MIX,MTHN,NSUMIlS),RETHV,RETTH,SCL0S 

DISCd)  -    DISCOUNTED  VALUE  OF  FUTURE  COSTS.  2  ,  SCPLT  ,  SC  THN  ,  TC  OST  ,  TRET  (  1000  I  ,  VBHV  ,  VCHV  ,  VLBF  ,  VLCU 

DISGdl  -    DISCOUNTED  VALUE  OF  GROWING  STOCK.  C 

DISId)  =  DISCOUNTED  VALUE  OF  FUTURE  INCOMES.  C  READ  BATCH  INFORMATION  FROM  CARD  TYPE  1. 

DLEV  =  GROWING  STOCK  LEVEL  FOR  SECOND  AND  SUBSEOUENT  THINNINGS.  C 

EXTCU  =  MINIMUM  COMMERCIAL  CUT  IN  CU.  FT.  FROM  SAW  LOG  OPERATION.  READ  15,1)  I BATCHI  I  I , I  =  1 , 3 ) , NTSTS 

FCTR  =  MERCHANTABLE  CU.  FT.  PER  TOTAL  CU.  FT.  1  FORMAT  (3A9,I'4) 

FMRCHOd)  =  MINIMUM  CUTTING  AGE  BASED  ON  PRICE.  IFINTSTS  .GT.  0)  GO  TO  10 

GIDE  =  BASE  FOR  GROWING  STOCK  LEVELS,  30.0  IN  EXAMPLE  SHOWN.  WRITE  lh,51 

GMNAMd  )  =  NAME  OF  THE  GAME.  5  FORMAT  I  1  HI , //// , '•OX , '.6HNTSTS  NOT  A  POSITIVE  NUMBER  GREATER  THAN 

GNTR  =  PSEUDORANDOM  NUMBER  GENERATOR.  VALUE  0  TO  1023.  lERO.I 

GSVALB  =  DOLLAR  VALUE  OF  BD.  FT.  GROWING  STOCK.  GO  TO  100 

GSVALC  =  DOLLAR  VALUE  OF  CU.  FT.  GROWING  STOCK.  C 

GVLBF  =  GROWING  STOCK  VOLUME,  M  BD.  FT.  C  OPERATE  SYSTEM  FOR  DESIRED  NUMBER  OF  TESTS. 

GVLCU  -  GROWING  STOCK  VOLUME,  CU.  FT.  C 

HTSO  =  TREE  HEIGHT  BEFORE  THINNING,  IN  YIELD  TABLE.  10  DO  50  I TE S T= I ,NTSTS 

HTST  =  TREE  HEIGHT  AFTER  THINNING,  IN  YIELD  TABLE.  C 

lACRE(l)  =  ACRES  OF  WORKING  CIRCLE  IN  EACH  1-YEAR  AGE  CLASS  AT  C  ENTER  AND  CHECK  DATA  FOR  A  TEST. 

START  OF  GAME,  BASED  ON  OVERSTORY.  C 

lALCUT  =  NUMBER  OF  ACRfS  ALLOWABLE  ANNUAL  CUT.  CALL  BASISl 

IGAME  =  NUMBER  OF  GAME.  CALL  CHEKl 

IPLNT  =  NUMBER  OF  NON-STOCKED  ACRES  REGENERATED  ANNUALLY.  IFIFLAGl  .GT.  0.0)  GO  TO  60 

ISUMd)  =  TOTAL  ACRES  IN  OVERSTORY  FOR  EACH  10-YR  AGE  CLASS  I.  IF(FLAG2  .GT.  0.0)  GO  TO  75 

ITEST  =  NUMBER  OF  TEST.  C 

IVARIl.J)  =  VARIABLES  PRINTED  BY  REPPT2,  ITEM  I,  YEAR  J.  C  PRINT  YIELD  TA^LE  AND  COMPUTE  VOLUME  FOR  EACH  YEAR  OF  STAND  AGE. 

lYEAR  =  YEAR  WITHIN  RUN  OF  A  GAME.  C 

KAREA  =  EQUAL  ARFA  OF  OVERSTORY  IN  EACH  1-YEAR  AGE  CLASS.  CALL  YIELD 

KOLIl)  =  COLUMN  NUMBER  I  FROM  REPRT2)  PRINTED  BY  SUMRY.  CALL  ANVOL 

KOUNT  =  COUNT  OF  ACRES  HARVESTED,  PLUS  ONE.  C 

LAND  =  TOTAL  ACRES  IN  SIMULATED  WORKING  CIRCLF.  C  OPERATE  SYSTEM  FOR  DESIRED  NUMBER  OF  GAMES. 

LAST  =  NUMBFR  OF  LAST  ACRE  HARVESTED.  C 

HALCUTII)  =  ANNUAL  ALLOWABLE  CUT  BASED  ON  PRICE.  DO  50  I GAME= 1 , NGAHE 
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ENTER  AND  CHECK  DATA  FOR  A  GAME. 

lYEAK  =  0 

CALL  BASIS? 

CALL  CHEKZ 

IFtFLAGl  .GT.  0.01  GO  TO  60 

IF{FLAG2  .GT.  0.0)  GO  TO  75 

PRINT  INITIAL  CONDITIONS  FOR  EACH  GAME. 

CALL  START 

CREATE  ACRES  IN  EACH  AGE  CLASS. 

CALL  AREAS 

IFIFLAGl     .EO.    2.0)    GO    TO    90 

CALL    REPRTl 

UK    =    0 

OPERATE    SYSTEM    FOR    DESIRFO    NUMRER    OF    YEARS. 

DO    *0    lYEAR^UNOYRS 

CALL    COVER 

IFCFLAGl  .EO.  2.0)  GP  TO  90 

CALL  HRVST 

CALL  SUMS 

PRINT  ACRES  IN  EACH  AGE  CLASS  FOR  FIRST  YEAR  AND  AT  END  OF  EACH 
DECADE  OF  THE  GAME. 

IFdYFAR  .LE.  II  GO  TO  15 

IFI  UK  .EO.  101  GO  TC  20 

GO  TO  30 
15  UK  =  I 

GO  TO  25 
20  UK  =  0 
25  CALL  REPRTl 
30  UK  =  IJK  ♦  1 

CALL  ANUAL 
<.0  CONTINUE 

PRINT  VOLUMES  AND  VALUES  FOR  EACH  YEAR. 

CALL  REPRT2 
CALL  WORTH 

SUMMARIZE  DESIRED  NUMBER  OF  COLUMNS  OF  REPRT2. 

IFINKOLS  .LE.  0)  GO  TO  50 
CALL  SUMRY 
50  CONTINUE 
GO  TO  100 

PRINT  MESSAGE  IF  INPUT  ERRORS  PREVENT  RUN. 

60  WRITE  16,651 

65  FORMAT  I  IHl ,//// ,20X  .A'.HTHI  S  RUN  CANNOT  BE  MADE  WITH  INPUT  PROVIDE 
ID.) 
WRITE  (6,70) 
70  FORMAT  I IHO, 10« , 1 1 IHINCORRECT  VALUE  PROVIDED  FOR  A  VARIABLE  LATER 
lUSED  AS  TERMINAL  INDEX  OF  A  DO  LOOP  OR  COUNTER  OF  COMPUTED  GO  TO.) 
GO  TO  80 
75  WRITE  (6,65) 
80  IF(FLAG2  .EO.  0.0)  GO  TO  100 

WRITE  (6,85) 
85  FORMAT  ( IHO , )0X , 73HI NCORRECT  VALUE  PROVIDED  FOR  A  VARIABLE  LATER  U 
ISED  IN  MAJOR  COMPUTATIONS.) 
GO  TO  100 
90  WRITE  (6,651 
WRITE  (6,95) 
95  FORMAT  (IHO, ////// .'.TX ,  39HY0U  WENT  BEYOND  AGE  LIMIT  OF  179  YEARS.) 
100  CALL  EXIT 
END 


Subroutine  BASISl 


CYCNWI I )  =  0.0 
REGNdl  =  0.0 
VLLVd  )  =  0.0 
3  CONTINUE 

DO  5  1=1,150 
PRIPDI I )  =  0.0 
5  PRICFI I  1  =  0.0 
DO  10  1=1,181 
ANBOFI I )  =  0.0 
10  ANCUVI I )  =  0.0 
DO  15  1=1 ,6 
DO  15  J=l,25 
DO  15  K=l,  10 
15  SUMM(I,J,K)  =  0.0 
NSP  =  0 
C 

C  READ  VALUES  THAT  DO  NOT  CHANGE  DURING  A  TEST,  FROM  CARD  TYPES  2  TO 
C 

READ  (5,25)  SPEC, NSP 
25  FORMAT  (5A8, 13) 

READ  (5,30)  (OESCR( I ) > 1=1,5) ,NGAME,NOYRS,NKOLS,(KOL ( I ) , 1=1,6) 
30  FORMAT  (5A8,9I<.1 

READ  (5,35)  S ITE , CYCL , R I  NT , TH IN, DL EV, AGEO.DENO, DBHO,G I DE 
35  FORMAT  ( 7F5. 0 . F5 . 2 , F5 .0 ) 

RFAD  (S.'.O)  REGN(1I,VLLVI11  ,CYCNW(1)  ,  REGN  (  2  )  ,  VLLVI  2  1  ,CYCNW  (  2  1  ,RE 
1(31 
".0  FORMAT  (10F8.3) 

READ  I5,«.5)  AGMRCH,BFHRCH,6FSALV,C0MCU,EXTCU,C0MBF,BFPCT,CFPCT, 
1GNTR,BDPR1 ,CFPRI 
45  FORMAT  (F5.0,2F5.2,2F5.0,F5.2,2F5.3,F5.0,2F5.21 
C 

C  CREATE  ARRAYS  OF  CONSTANT  PRICES  OR  READ  VARIABLE  PRICES  FROM  CARD 
C  TYPES  7  AND  8. 
C 

IFICFPRI  .NE.  0.01  GO  TO  50 
RFAD  (5,'.0I  (PRICF(  I  1,  1  =  1,  1501 
GO  TO  60 
50  00  55  1=1, 150 
55  PRICFII 1  =  CFPRI 

60  IFIBDPRI  .NE.  C.Ol  GO  TO  70  S 

READ  (5,A0)  (PRIBDI I ) , 1=1, 1501 
GO  TO  90 
70  DO  80  1=1,150 
80  PRIBDd  )  =  BDPRI 
90  RETURN 
END 


Subroutine  CHEKl 


SUBROUTINE  BASISl 

TO  ENTER  VALUES  THAT  DO  NOT  CHANGE  DURING  A  TEST. 

CONTAINS  NO  STATEMENTS  TO  BE  MODIFIED  TO  ADAPT  TO  OTHER  SPECIES. 

COMMON  BATCH(3) , FLAGl , FLAG2 , I  GAME,  I  TEST, I  YEAR 

COMMON  AGED, AGMRCH, ANBDFI 18  1 1, ANCUV( 18 1 1 , BFMRCH, BFPC T , BF SAL V.CFPCT 
l,COM6F,COMCU,CYCL,CYCNW(3),OBHO,OEN0,DESCRI5) , DLEV , G I DE ,GNTR, 
2K0LI6) ,NGAME,NKOLS,NOYRS, NSP, PRIPDI 150),PRICF(150),REGN(3),RINT, 
3SlfE,SPEC(5),SuMM(6,75,10),THlN,VLLV(3),FXTCU 

COMMON  8A,BAST,60FC(180),BDF0(1R0),CFMC(180),CFM0( 180 ) ,CUFT,DBHT , 
lUIA"! 190),FCTR,HITE, JCYCL.NAGO,PRET,PROD,REST,ROTA,STAND,VDM, 
2YSDM(180) 

COMMON  ACCST, ANUL,BFCST,CLOSS,CPLT,CSTAC,CSTVL,CTHN,CUCST,OEFQR, 
IF^RCHDdOKGMNAMU),  I  ACRE  (  ISO),  lALCUT,  I  PLNT  ,  I  VAR  (  26, 1  50  )  , 
2JVAR(15,15CI ,KOUNT,LAND,LAST,MALCUT( 10 1 , MOLO.NACOS ( 1801, 
3NACUN(1801  ,NCNSTK,PRIDIV(  10  1  ,  RATE  ,  RETRN.  V  AR  (  1  <.,  1  50  1  ,  YRLOS 

COMMON  AGEOS (1000) , AGEUN( 1000 1 ,  ANNET , CUTAGE , GSVALB ,GSVALC ,GVLBF , 
IGVLCU, ISUM( 181, IYRM,KACR,LOSS,MIX,MTHN,NSUM( 18) , RF THV , RE T TH, SCLOSS 
2,SCPLT,SCTHN,TCOST,TRET(1000),VBHV,VCHV,VLBF,VLCU 

SET  INITIAL  VALUES  OF  ZERO. 

DO    1     1=1,6 
1    KOLd  )     =    0 
DO    3     I     =1,3 


SUBROUTINE    CHEKl 

TO    CHECK    VALUES    READ    IN    BY    BASISl. 

CONTAINS    NO    STATEMENTS    TO    BE    MODIFIED    TO    ADAPT    TO    OTHER    SPECIES. 

COMMON    BATCH! 31 . FLAGl , FL AG2,  IGAML, I  TEST,  I  YEAR 

COMMON    AGEO,  4GMRCH,  AN8DF(  181  I  ,ANCUV(  1811  ,  BF  MRCH,  BF  PC  T  ,  BF  SALV,CFPCT 
1,COMBF,COMCU,CYCL,CYCNW(3I,OBHO,DFNO,DESCR(51 , DL EV , G IDE . GNTR, 
2KQL(61,NGAME,NK0LS,NOYRS,NSP,PRIHD(150  1,PRICF(1501,REGN(31,RINIf 
3SITE,SPeC(5) ,SUMM(6,25, 10), THIN, VLLVI 31, EXTCU 

COMMON    BA,RAST,BDFC(180) ,BDFO( 1801,CFMC( 1801, CF MO (1801 ,CUFT,OBHTi 
1DIAM( 180) ,FCTR,HITE,JCYCL,NAGO,PRET,PROD,REST,ROTA,STANO,VDH, 
2YS0M(1801 

COMMON    ACCSI.  ANUL,BFCST,CLOSS,CPLT,CSTAC,CSTVL,CTHN,CUCST,DEF0((. 
1FMRCHDI101,GMNAM(3),IACRE(180),IALCUT,IPLNT,IVAR(26,150), 
2 J VAR (15, 1501 ,KnUNT,LAND,LAST,MALCUT( 10 ) , MOLO,NACOS ( 1801, 
3NACUN( 180)  ,NONSTK,PRI DIV( 10  I, RATE, RETRN, VAR (14, 150), YRLOS 

COMMON    AGEOS( 1000  I , AGEUN(  1000 1 , ANNET, CUT AGE , GSVALB , GSVALC .GVLBFi 
ir,VLCU,ISUM(181,IYRM,KACR,L0SS,MlX,MTHN,NSUM(  1  8  )  ,  RE  THV,RETTH,SClO$$ 
2,SCPLT,SCTHN,TC0ST,TRET( 1000 ) , VBHV , VCHV, VLBF , VLCU 

FLAGl    =    0.0 

FLAG2    =    0.0 

IF(NGAME  .LT.  11  FLAGl  =  1.0 

IFINKOLS  .GI.  61  FLAGl  =  1.0 

IF(NOYRS  .LT.  1)  FLAGl  =  1.0 

IF(MOYRS  .GT.  1501  FLAGl  =  1.0 

IFINSP  .LT.  1)  FLAGl  =  1.0 

IF(AGED  .LE.  0.0)  FLAG2  =  1.0 

IF(BFPCT  .LE.  0.0)  FLAG2  =  1.0 

IFICFPCT  .LE.  0.0)  FLAG2  =  1.0 

IF(CYCL  .LE.  0.0)  FLAG2  =  1.0 

IF(DBHO  .LE.  0.01  FLAG2  =  1.0 

IFIDENQ  .LE.  0.01  FLAG2  =  1.0 

IFOLEV  .LE.  0.0)  FLAG2  =  1.0 

IFIGIDE  .LE.  0.0)  FLAG2  =  l.O 

1F(PRIBD(1)  .LE.  0.0)  FLAG2  =  1.0 

IKPRICFdl  .LE.  0.01  FLAG2  =  1.0  * 

IFIREGNdl  .LE.  0.01  FLAG2  =  1.0 

IF(R1NT  .LE.  0.01  FLAG?  =  1.0 

IF(S1TE  .LE.  0.01  FLAG2  =  1.0 

IF(THIN  .LE.  0.0)  FLAG2  =  1.0 

CHECK  THAT  CYCL  is  EQUAL  TO  OR  A  MULTIPLE  OF  RINT. 

IXN  =  CYCL  /  RINT 

IRINT  =  RINT 

JCYCL  =  CYCL 

TEM  =  JCYCL  -  IRINT  •  IXN 

IFITEH  .NE.  0.0)  FLAG2  =  1.0 

RETURN 

END 
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routine  YIELD 

SUBROUTINE  YI6L0 

COMPUTE  YIELDS  OF  MANAGED,  EVEN-AGED  STANDS. 
MTAINS  SIX  SETS  OF  STATEMENTS  THAT  ARE  SPECIES-SPECIFIC. 
JTNOTE  FORMATS  HILL  VARY  WITH  MERCHANTABILITY  STANDARDS. 


COMMON 

COMMON 
1  .COMBF 
2K0L(6) 
3SITE,S 

COMMON 
10IAM( 1 
2YSDM(1 

COMMON 
IFMRCHD 
2jVAR(l 
3NACUN( 

COMMON 
lOVLCu, 
2,SCPLT 


BATCHO)  ,FL 

AGEO.AGmRCH 

,COMCU,CYCL 

.NGAME.NKOLS 

PECI5) ,SUMM( 

BA.BAST.BDF 

0) .FCTR.HIT 

80) 

ACCST.ANUL. 
110) ,GMNAM( 3 
5,150) ,KnUNT 
180) ,NONSTK, 
AGEOS( lOOO) 
ISUM(18) ,IYR 
,SCTHN,TCOST 


AG1,FL4G2, I  GAME, I  TEST, I  YEAR 

AN8DF(191),ANCUV(181) , BFMRCH, BFPCT , 6FSAL V.CFPC T 
CYCNHI 3) ,08Hn,OENO,OESCR( 5 ) , OL EV , G I DE ,GNTR , 

NDYRS,NSP,PRIhD(lS0),PRICF(150),l<EGN(3),RINT, 
6,25,lO),THIN,VLLVI3),Ei(ICU 

C( 180) ,BOFO( 180),CFMC( 1 90 ) ,CFMO ( 180 ) .CUFT.DBHT, 
E, JCYCL,NAGO,PRET,PROD,REST,ROTA,STAND,VDM, 

BFCST,CLOSS,CPLT,CSTAC,CSTVL,CTHN,CUCST,DEF0R, 
) , I  ACRE! 180),  lALCUT, IPLNT, IVAR( 26,150), 
,L»Nr.,LAST,MALCUTI  10  )  ,  MOLD,  NACOS  (  180)  , 
PR1DIV(10),RATE,RETRN,VAR(1',,150),YRL0S 
,AGEUN( 1000), ANNET,CUTAGE,GSVALB,GSV»LC,GVLBF, 
M,kACR,L0SS,MIX,MTHN,NSUM(18),RETHV,RETTH,SCL0SS 
TRET(1000),VBHV,VCHV,VLBF,VLCU 


ADDHT  =  0.0 
BDFT  =  0.0 
CFMT  =  0.0 
HTCUM  =  0.0 


JBDFC  =  0 

JBOFO  =  0 

JBDFT  =  0 

JCFMC  =  0 

JCFMO  =  0 

JCFMT  =  0 

00  I  1=1,180 

BOFC(I)  =  0 

0 

BDFO(I)  =  0 

0 

CFHC(I)  =  0 

0 

CFMOII )  =  0 

0 

DIAM( I )  =  0. 

0 

YSDMII )  =  0. 

0 

I  CONTINUE 

NAGO  =  AGED 

N  =  AGED 

CHAC  =  CYCL 

OZIB  =  OLEV 

TERMINE  OLDEST  STAND  AGE  TO  APPEAR  IN  YIELD  TABLES. 

DO  5  N4=l,3 

L  =  «  -  NA 

IFIREGNIL)  .EO.  0.0)  GO  TO  5 

ROTA  =  REGN(L) 

GO  TO  10 
5  CONTINUE 
3  DIAM(N)  =  OBHO 

LOW  FOR  FELLING  AGES  OLDER  THAN  ROTATION  WITH  CLEARCUTT I NG. 

IF(REGN(2)  .EO.  0.01  ROTA  =  ROTA  *    20.0 
IF(ROTA  .GT.  180.0)  ROTA  =  180.0 

rAIN  AVERAGE  HEIGHT  AND  VOLUMES  PER  ACRE. 
»TEHENTS  FOR  HTSO  ARE  SPECIES-SPECIFIC. 

i  BASO  =  DENO  *  0.00545^2  •  DBHO  »  DBHO 

j  GO  TO  (15,25,35),  NSP 

5  IFIAGEO  .GI.  55.0)  GO  TO  20 

HTSO  =  O.OlA'tl  *  AGEO  •  SITE  -  0.12162  «  AGEO  -  1.50<>53 

GO  TO  60 
'I  HTSO  =  0.59947  -  61.5019  /  AGEO  ♦  0.80522  *  ALOGIO(SITE)  ♦  20.5252 
18  »  ALOGIO(SITE)  /  AGEO 

HTSO  =  10. 0  ••  HTSO 

GO  TO  60 
:  IF(AGEO  .GT.  45.0)  GO  TO  30 

HTSO  =  3.86111  -  0.05979  *  AGEO  ♦  0.01215  *  AGEO  •  SITE 

GO  TO  60 

HTSO  =  0.33<.01  -  33.2865  /  AGEO  *    0.92341  *  ALOGlO(SITfc)  +  5.27811 
1  *  ALOGIO(SITE)  /  AGEO 

HTSO  =  10.0  »«  HTSO 

GO  TO  60 
;  CONTINUE 

GO  TO  50 
'  CONTINUE 
I  BA  =  BASO 

HITE  =  HTSO 

STAND  =  DENO 

VDM  =  DBHO 

CALL  VOLS 

TOTO  =  CUFT 

BDFO(N)  =  CUFT  •  PROD 

CFMO(N)  =  CUFT  •  FCTR 
(REST  =  THIN 

^fR  LOOP  FOR  ALL  REMAINING  COMPUTATIONS  AND  PRINTOUT. 

DO  500  1=1,100 
«  IFIAGEO  .GE.  ROTA)  GO  TO  130 

hIgE  STANDARDS  IF  A  REGENERATION  CUT  IS  DUE. 

IFIREGN(2)  .EO.  0.0)  GO  TO  80 
IF(AGEO  .LT.  REGN(l))  GO  TO  80 
IFIAGEO  .NE.  REGN(l))  GO  TO  70 
iOLEV  =  OLEV  *  VLLV(l) 


REST  =  DLEV 
CYCL  =  CYCNW(l) 

on  TO  so 

7a  IFIAGEO  .NE.  REGN{2))  00  TO  75 

DLtV  =  DLEV  •  VLLV(2) 

PEST  =  DLEV 

CYCL  =  CYCNWI2I 

1,0    TO  80 
75  IF(AGEO  .NE.  REGNI3))  GO  TO  80 

DLEV  =  DLEV  »  VLLVI1) 

RFST  =  OLEV 

CYCL  =  CYCNW(3) 

INCKhASE  D.B.H.  UY  THINNING  AND  COMPUTF  POST-THINNING  VALUFS. 

30  CALL  CUTS 

IFIPRET  .r.F.  100.0)  GO  TO  83 

YSDM{N)  =  OBHT 

JDFNT    =     (PAST    /     (0.0n5'.5<,2    *    DRHT     «    DBHT  )  )    ♦    0.5 

DENT    =     JDF'JT 

BAST  =  0.005<i5't2  »  OHHT  »  DBHT  »  DENT 

SKIP  THINNING  IF  BASAL  iOEA  BELOW  SPECIFIED  RESIDUAL. 

IF(H45T  .LT.  BASO)  GO  TO  85 
8J  BAST  =  BASO 
HTST  =  HTSO 
DENT  =  DENO 
JDENT  =  DENO  ♦  0.5 
DBHT  =  OBHO 
YSnM(N)  =  DBHT 
TCTT  =  TOTO 
HDFT  =  BDFn(N) 
CFMT  =  CFMO(N) 
GO  TO  130 

COMPUTE  CHANGE  IN  AVERAGE  HEIGHT  FROM  THINNING. 
STATEMENTS  FOR  ADDHT  ARE  SPECIES-SPECIFIC. 


85  GO  TO  (90,95,100 
90  ADDHT  =  7.64833 

GO  TU  120 
95  ADDHT  =  6.79950 

GO  TO  120 
100  CONTINUE 
120  HTCUM  =  HTCUM 

HTST  =  HTSO  t 

BA  =  DAST 

HUE  =  HTST 

STAND  =  DENT 

VDM  =  DBHT 

CALL  VOLS 

TOTT  =  CUFT 

BDFT  =  CUFT  <• 

CFMT  =  CUFT  • 


NSP 
3.R2295 


«  ALOGin(PRET) 


ALnGlO(PRET) 


♦  ADDHT 
ADDHT 


PROD 
FCTK 


c 
c 
c 

CHANGE  MODE 

AND  ROUND  OFF 

FOR 

130  JCYCL  = 

CYCL 

JSITE  = 

SITE 

JDENQ  = 

DENO  ♦  0.5 

JHTSO  = 

HTSO  ♦  0.5 

JTOTO  = 

TOTO  +  0.5 

JBASO  = 

BASO  ♦  0.5 

JCFMO  = 

CFMO(N]  »  0.5 

JBDFO  = 

(8DF0(N)  «  0. 

1)  ♦ 

JBOFO  = 

JBOFO  *  10 

JHTST  = 

HTST  ♦  0.5 

JTOTT  = 

rOTT  *    0.5 

JCFMT  = 

CFMT  +  0.5 

CFMT  = 

JCFMT 

IFIJCFMT  .GT.  JCFMOI 

JCFMO 

CFMO(N) 

=  JCFMO 

JBDFT  = 

(PDFr  «  O.l) 

♦  0.5 

JBOFT  = 

JBOFT  «  10 

BDFT  = 

JBDFT 

BDFT  = 

3DFT  «  0.001 

IF(JODFT  .GT.  JBDFO) 

JBDFO 

HDFOIN) 

=  JBDFO 

JTOTC 
JCFMC 


BDFO(N)  =  POFO(N)  «  0.001 
JBAST  =  BAST  +  0.5 
JDENC  =  JDENO  -  JDENT 
JBASC  =  JBASO  -  JBAST 

JTOTO  -  JTOTT 

JCFMO  -  JCFMT 
IF(JCFMC  .LE.  0)  JCFMC  =  0 
CFMC(N)  =  JCFMC 
JBDFC  =  JBDFO  -  JBDFT 
IFIJBDFC  .LE.  0)  JBDFC  =  0 
BDFC(N)  =  JBOFC 
BDFC(N)  =  BDFC(N)  •  0.001 
IF( I  .GE.  2)  GO  TO  180 

WRITE  HEADINGS  FOR  YIELD  TABLE  ON  PAGE  TYPE  1. 

WRITE  (5,150) 
150  FORMAT  ( IHl , // ,6 3X , 1 IHPAGE  TYPE  1) 

WRITE  (5,155)  SPEC, JSITE, JCYCL, THIN, OLEV 
155  FORMAT  ( 1H0,27X,48HYIELDS  PER  ACRE  OF  MANAGED,  EVEN-AGED  STANDS  01 
1  ,5AS/1H0,49X,11HSITC  INDEX  , I  3 , IH, ,  14 , 19H-YF AR  CUTTING  CYCLE/IHO 
243X,26HTHINNING  LFVELS=  INITIAL  -,F5.0,14H,  SUBSEOUEMT  -,F6.0,//) 
WRITE  (6,160) 
160  FORMAT  ( 1H0,25X,38HENTIRE  STAND  BEFORE  AND  AFTER  THINNING , 28X , 25HI 
lERIODIC  INTERMEDIATE  CUTS) 
WRITE  (6,165) 
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165  FORMAT  (  IHO,  <)X,  SHSTANDt  lOX  ,  5HBASAL  .  3X,  7HAVERAGE  ,  2X  ,  7HAVERAGE  ,  3X  ,  5H 

lTOTALt3X,9HMERCHANT-,3X,9HSAWTIMBER.9X,5HBASAL.*X,5HTOTAl,3X,9HMER 

2CHANT-,3X,9HSAWTIHBERI 
WRITE  (6,1701 
170  FORMAT  (IH  ,  lOX,  3HAGE  ,  4X  ,  5HTREES  ,  3X,  <.HARE  A,  4X,6H0.  B.H.  ,  3X,6HHE  1  GHT 

1,2X,6HV0LUME,2X,  UHABLE  VOLUME,  *X,  6HV0LUHE,  3X  ,  5«TREES  ,  3X,  *HAREA,  3X 

2,6HV0LUME,2X,11HABLE  VOLUME  ,'.X,  6HV0LUME  ) 
WRITE  (6,175) 
175  FORMAT  ( IH  , BX, 7H( YEARS ), 3X, 3HN0. , 3X, 6HSQ .FT. ,*X , 3HIN. ,6X, 3HFT. ,«X 

1,6HCU.FT.,5X,6HCU.FT. , BX , 3HHBF , 5X, 3HN0. , 3X,6HS0.FT . , 2X,6HCU.FT. , SX 

2,6HCU.FT. ,8X,3HMBF) 

WRITE  TABLE  ENTRIES  OF  DIAMETER,  VOLUMES,  ETC.,  ON  PAGE  TYPE  1. 

180  WRITE  16,1851  AGEO, JOENO, JBASO, OBHO, JHTSO, JTOTO.CFMO ( N ) , BOFOI Nl 
185  FORMAT  (  lH0,9X,F«.0,*X,I5,2X,l'i,5X,F5.1,5X,  13  ,  «X  ,  1  5,  5X,  F6.  0,  5X,F  7. 
131 
IFIAGEO  .GE.  ROTA)  GO  TO  510 

WRITE  (6,190)  AGECJOENT,  JBAST,DBHT,  JHTST,JTOTT,CFHT,BDFT,JOENC,JB 
lASC,  JTOTCCFMCIN)  ,BDFC(N) 
190  FCRMAT  (IH  ,9X,  FA.C'.X,  1  5,  2X,  1  <.,  5X,  F5.  1 ,  5X,  I  S.'iX,  I  5,  5X  ,F6.  0,  5X,F7. 
13,«X,I5,3X,I3,5X,I4i5X,F5.0,6X,F7.3) 

COMPUTE  VALUES  FOR  EACH  PERIOD.  THIN  AS  SPECIFIED  ON  DATA  CARDS. 

IK  =  CYCL  /  RINT 

on  (.SO  L=l,IK 

AGEO  '    AGEO  ♦  RINT 

N  -    AGEO 

IFIAGEO  .GT.  ROTA)  GO  TO  510 

COMPUTE  NEW  O.B.H.  BEFORE  THINNING  AND  ROUND  OFF  TO  O.l  INCH. 
STATEMENTS  FOR  DBHO  ARE  SPECIES-SPECIFIC. 

GO  TO  (200,205,210),  NSP 
200  DBHO  =  1.0097»DBHT  ♦  0.0096»SITE  -  1 . 5766»AL0G10( BA ST)  ♦  3.3021 

GO  TO  240 
205  OBHO  =  1.0222*DBHT  ♦  0.0151»SITE  -  1 .2417*ALOG10( BAST )  ♦  2.1450 

GO  TO  240 
210  CONTINUE 
240  IDBHO  =  DBHO  •  10.0  ♦  0.5 

DBHO  =  ID6H0 

DRHO  =  OBHO  *  O.l 

ADO  RANDOM  ELEMENT  TO  PRFOICTED  DBHO,  IF  DESIRED. 
STATEMENT  FOR  RES  IS  SPECIES-SPECIFIC. 

IFIGNTR  .GT.  1024.0)  GO  TO  300 
250  IQIV  =  (17.0  »  GNTR  +  3.0)  /  1024.0 

NGNTR  =  GNTR 

GNTR    =     (17    *    MGNTR    ♦    31     -    1024    »     IDIV 

1F(GNTR     .GT.     1000.0)    GO    TO    250 

IF(GNTR    .lT.    0.0)    CO    TO    250 

Al    =    GNTR    •    0.01 

A?    =    Al     •    Al 

GO  TO  (255,260,265),  NSP 
255  RES  =  0.9565  •  Al  -  0.0523  •  A2  -  0.0063  •  Al  *  A2  «  0.00084  •  A? 
1*  A2  -  3.3009 

GO  TO  280 
260  RES  =  0.2527  »  Al  -  0.0669  »  A2  ♦  0.0079  •  Al  •  A2  -  0.0003  •  A2 
1*  A2  -  0.4282 

GO  TO  280 
265  CONTINUE 
280  IRES  =  RES 

IFIRES  .LT.  0.0)  IRES  =  RES  -  0.5 

IF(RES  .GT.  0.0)  IRES  =  RES  +  0.5 

ADJ  =  IRE5 

DBHU  =  DBHO  ♦  AOJ  »  0.1 
300  DIAM(N)  =  DBHO 

REDUCE  DENSITY  FOR  NONCAT AS TROPH I C  MORTALITY. 
STATEMENT  FOR  DIED  IS  SPECIES-SPECIFIC. 

GO  TO  (310,315,320),  NSP 
310  IFIDBHT  .GE.  10. 0)  GO  TO  345 

DIED  =  0.00247  ♦  0.00124  *  OBHT  ♦  0.00028  •  OPHT  *  DRHT  t    0.000005 
121  «  BAST  •  BAST  -  0.0000905  •  DOHT  «  BAST 

GO  TO  340 
315  IFIOBHT  .GE.  10.0)  GO  TO  345 

DIED  =  0.05285  -  0.01346  •  DBHT  ♦  0.00226  *  DBHT  *  OBHT  ♦  0.000006 
16  »  BAST  •  BAST  -  0.0001931  •  DBHT  *  BAST 

GO  TO  340 
370  CONTINUE 
340  IFIDIFO  .LT.  0.0)  DIED  =  0.0 

OENO  =  DENT  »  ( 1.0  -  DIED) 

HNK  =  OENO  ♦  0.5 

DFNO  =  MNK 

GO  TO  350  „ 

345  OENO  =  DENT 
350  BASO  =  DENO  *  10.0054542  •  DBHO  •  DBHO) 

OBTAIN  AVERAGE  HEIGHT  AND  VOLUMES  PER  ACRE. 
STATEMENTS  FOR  HTSO  ARE  SPECIES-SPECIFIC. 

GO  TO  (370,380,390),  NSP 
370  IFIAGEO  .GT.  55.0)  GO  TO  375 

HTSO  =  0.01441  »  AGEO  »  SITE  -  0.12162  •  AGEO  -  1.50953 

GO  TO  420 
375  HTSO  =  0.51947  -  61.5019  /  AGEO  ♦  C. 80522  »  ALOGIOISITE)  ♦  20.5252 
18  •  ALUGIO(SITE)  /  AGEO 

HTSO  =  10.0  «»  HTSn 

GO  TJ  420 
3S0  IFIAGEO  .GT.  45.0)  GO  TO  385 

HTSO  =  3.86111  -  0.05979  »  AGEO  +  0.01215  •  AGEO  *  SITE 

GO  TO  420 


385  HTSO  =  0.33401  -  33.2866  /  AGEO  ♦  0.92341  •  ALaGlO(SITE)  ♦  6.27811 
1  •  ALOGIO(SITE)  /  AGEO 

HTSO  =  10.0  »»  HTSO 

GO  TO  420 
390  CONTINUE 

GO  TO  420 
395  CONTINUE 
420  HTSO  =  HTSO  ♦  HTCUM 

BA  =  BASO 

HITE  =  HTSO 

STAND  =  DENO 

VDM  =  DBHO 

CALL  VOLS 

TOTO  =  CUFT 

BOFO(N)  =  CUFT  •  PROD 

CFMD(N)  =  CUFT  *  FCTR 

TEST  IF  REGENERATION  CUT  IS  DUE. 


DO  430  KU=1,3 

IFIAGEO  .EQ.  REGN(KU))  GO  TO  65 
430  CONTINUE 

CHANGE  MUOE  AND  ROUND  OFF  FOR  PRINTING. 

1F(L  .EO.  IK)  GO  TO  460 

KOENO  =  DENO  ♦  0.5 

KHTSO  =  HTSO  ♦  0.5 

KBASO  -  BASO  ♦  0.5 

KTOTO  =  TOTO  ♦  0.5 

JCFMQ  =  CFMO(N)  ♦  0.5 

CFMO(N)  =  JCFMO 

JBDFO  -  (BDFO(N)  *  0.1)  »  0.5 

JBDFO  =  JBOFO  •  10 

Br)FO(N)  -    JBDFO 

BDFO(N)  =  BOFO(N)  •  0.001 

WRITE  VALUES  FOR  END  OF  PERIOD  IF  THINNING  NOT  DUE. 

WRITE  (6,185)  AGEO, KOENO, KBASO, DBHO, KHTSO, KTOTO, CFMO(N),BDFO(MI 

OBHT  =  DBHO 

BAST  =  BASO 

DENT  =  DENO 
450  CONTINUE 
460  REST  =  OLEV 
500  CONTINUE 


WRITE  TABLE  FOOTNOTES 
MERCHANTABLE  LIMITS. 


CHANGE  OR  ADD  TO  FORMAT  STATEMENTS  FOR  OTHE« 
0.0)  GO  TO  530 


510  IF(REGNI2)  .EO. 

WRITE  (6,520) 
520  FORMAT  (  IHO,  /  /  ,  1 IX  ,  106HTH  I  S  TABLE  SHOWS  VALUES  FOR  SEED  TREE  OR  SK 
lELTERWOOD  CUTTING  WITH  TIMING  AND  AMOUNTS  SPECIFIED  PREVIOUSLY.) 
GO  TO  550 
530  WRITE  (6,540) 
540  FORMAT  (  IHO,  /  /  ,  1  IX  ,  85HTH  I  S  TABLE  SHOWS  VALUES  FOR  CL  E  ARCUTTI  NG  HI' 

IH  ANY  ROTATION  UP  TO  A  SPECIFIED  MAXIMUM.) 
550  GO  TO  1560,575,590),  NSP 
560  WRITE  (6,565) 

565  FORMAT  ( IHO , lOX , 56HMFRCH.  CU.  FT.  -  TREES  6.0  INCHES  D.B.H.  AND  U 
IRGER  TO  4-INCH  TOP. ) 
WRITE  (6,570) 
570  FORMAT  ( IHO ,10X , 60HB0.  FT.  -  TREES  10.0  INCHES  D.B.H.  AND  LARGER' 
10  8-lNCH  TOP. ) 
GO  TO  650 
575  WRITE  (6,580) 

580  FOR^'AT  (  IHO ,  lOX  ,66HMERCH.  CU.  FT.  -  TREES  5.0  INCHES  D.B.H.  AND  U 
IRGEll  TO  4-INCH  TOP.  ) 
WRITE  (6,585) 
585  FORMAT  ( IHO, 1  OX , 59HBD.  FT.  -  TREES  6.5  INCHES  D.B.H.  AND  LARGER  TO 
1  6-INCH  TOP.) 
GO  TO  650 
590  CONTINUE 
650  CYCL  =  CHAC 
OLEV  =  D2IB 
AGEO  =  NAGO 
RETURN 
END 


Subroutine  VOLS 


SUBROUTINE  VOLS 

TO  COMPUTE  VOLUMES  PER 
STATEMENTS  FOR  CUFT,  F 

COMMON  BATCH(3),FL 

COMMON  AGEn,AG»'RCH 
1 ,CnMBF ,CnMCU,CYCL 
2K0L(6) ,NGAMF,NKOLS 
3SITE,SPEC(5) ,SUMM( 

COMMON  BA,RAST,BOF 
iniAMI leO), FCTR, HIT 
2YSnM(180) 

CCMMON  ACCST,ANUL 
IFMRCHDI 10) ,GMNAM(3 
2JVAR(15,150) ,KOUNT 
3^I«CUN(180)  ,NONSTK, 

COMMON  AGEOS(IOOC) 
IGVLCU, 1SUM(18I ,IYR 
2,SCPLT,SCTHN,TC0ST 


ACRE  IN  VARIOUS  UNITS. 
CTR,  AND  PROD  ARE  SPECIES-SPECIFIC. 

AGl,FLAG2,IGAMf,ITEST,IYEAR 

,ANB3F(  181),ANCUV(  1  8  1  )  ,  BFMRCM,  BFPCT  ,  BFSAL  V,CFPC' 

CYCNW(3),DBH0,nFNn,DESCR( 5 ) , DL FV, G IDE , GNTR  , 

,.4nYRS,NSP,PRIfln(  150), PR  ICF(  150), REGNO). RINT, 

6,25,10),TH1N,VLLV(3),CXTCU 

C( 180),BDF0( 180),CFMC( 160),CFM0( 1 80 ) ,CUF T ,OeHTi 

E, JCYCL,NAGO,PRET,PRPD,REST,R0TA,STAND,V0M, 

BFCST,CLOSS,CPLT,CSTAC,CSTVL,CTHN,CUCST,DEFO«i 
) , IACRE( 180) , I ALCUT, I PLNT , I VAR ( 26, 1501, 
,LANO,LAST,MAlCUT(10),MOLD,NACOS(lfiO), 
PRIDIV(10),RATE,RETRN,VAR(14,150),YRL0S 
,AGEUN( 1000), ANNE T,CUTAGE,GSVALB,GSVALC,GvLeF, 
M,KACR,LOSS,MIX,MTHN,NSUM(  18)  ,  RETHV,  RETTH,  SClOSS 
,TRET( 1000) ,VBHV,VCHV,VLBF,VLCU 
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FCTR  =  0.0  r,n  TO  so 

PROD    =    0.0  5    POUME    =    O.4T1PI    +    O."'ia90    »    ALOGIOIDBHO)    -    0.22510    *    ALOGIOCPRET 

1    ♦    C. 12616    *    ALOGlOtriBHO)     *    ALO'".  10  (  PR  ET ) 

MPUTE    TOTAL    CUBIC    FEET    PER    ACRE.  DRHE    =     10.0    ♦«    PDRHE 

GO    TO    "iO 

D2H  =  VDM  *  VOM  »  HITE  10  IF(PRET  .LT.  50.01  GP  TO  15 

GO  TO  (5.15,25),  NSP  DBHE  =  0.'.^222  ♦  1.03170  •  DBHO  -  D. 00816  »  (  PRF  T  -  50.0)  -  0.00( 

5  IF(02H  .GT.  6000.0)  GO  TO  10  19  »  (PRET  -  50.0)  «  (PP.ET  -  50.0) 

CUFT  =  (0.00225  •  D2H  -  0.00074  *  BA  ♦  0.03711)  «  STAND  GO  TO  50 

GO  TO  70  15  PDBHE  =  0.17321  -  C.1727'.  «  ALOGIO(PRET)  »  0.7'5921  »  ALOG10(0BHO 

3  CUFT  =  (0.00247  »  n2H  ♦  0.00130  •  BA  -  l.'i02B6)  «  STAND  1+  0.09315  *  ALOGIOIPRET)  «  ALOGIO(PBHO) 

GO  TO  70  OBHE  =  10.0  «*  pOBUE 

5  1F(D2H  .GT.  7000.0)  GO  TO  20  GO  TO  50 

CUFT  =  (0.00276  *  D2H  -  0.00059  t  BA  -  0.00577)  «  STA'JD  20  CCNT1^:UE 

GO  TO  70  "0  TO  50 

3  CUFT  =  (0.00248  »  D2H  +  1.96336)  »  STAND  25  COMTINUE 

GO  TO  70  50  lOHHE  -  DBHE   «  10.0  *  0.5 

5  CONTINUE  DBHE  =  IDBHE 

GO  TO  70  DBHE  =  DBHE  «  0.1 

D  CONTINUE  OENF  =  DEN'O  *  PRFT  *  0.01 

D  IFIVOM  .LT.  5.0)  GO  TO  200  NOENE  =  DENE  +  0.5 

DENE  =  NDENE 

TAIN  CONVERSION  FACTORS  FDR  MERCHAfjT  ABL  E  CUBIC  FEET.  BASE  =  0.0054542  *  DBHE  «  DBHE  *  DENE 

NBASE  =  BASE  »  10.0  *    0.5 

GO  TO  (100.105,1101.  NSP  BASE  =  NBASE 

3  IFIVDM  .GT.  6.7)  00  TO  102  BASE  =  BASE  *  0.1 

FCTR  =  0.26612  •  VDH  -  1.12689  TMPY  =  0.0054542  *  DBHF  *  DBHE 

GO  TO  140  TFK  =  BASE  -  REST 

2  IFIVDK  .GT.  10.4)  GO  TO  104  !F(KJ  .EO.  1  .AND.  TFM  .LT.  0.0)  GO  TO  220 
FCTR  =  3.46993  -  0.12017  *  VDW  -  13.41984  /  VDK  IF(TEM  .LE.  TMPY)  GO  TO  180 

GO  TO  140  IF(TcM  .LT.  4.0)  GO  TO  55 

*  FCTR  =  0.99666  -  0.66932  /  VDM  PRET  =  PRET  -  1.0 

GO  TO  140  GO  TO  60 

5  IFIVDH  .GT.  5.75)  GO  TO  107  55  PRET  =  PRET  -  0.3 

FCTR  =  0.30711  «  VDM  -  1.11042  60  COMTINUE 

GO  TO  140  GO  TO  180 

7  IFIVDM  .GT.  9.8)  GO  TO  109  C 

FCTR  =  2.32307  -  0.06419  «  VDM  -  7.47890  /  VDM  C  COMPUTE  O.R.H.  IF  BASAL  AREA  INCREASES  WITH  D.B.H. 

GO  TO  140  C 

}  FCTR  =  0.99659  -  0.61056  /  VDM  70  PRET  =  40.0 

GO  TO  140  IFIOBHO  .GT.  7.0)  PRET  =  70.0 

D  CONTINUE  no  175  J=1,100 

GO  TO  140  GO  TO  (75,85,95),  NSP 

>  CONTINUE  75  IF(PRET  .GE.  50.01  GO  TO  80 

GO  TO  140  PDBHE  =  0.49401  +  0.71890  «  ALOGIOIDBHO)  -  0.22530  *  ALOGIOIPRET! 

'i    CONTINUE  1  <■    0.12615  *  ALOGlO(nnHO)  *  ALOGIO(PRET) 

3  IFIVDH  .LT.  8.0)  GO  TO  200  DBHC  =  10. 0  *•  PDBHE 

GO  TO  145 

fAIN  CONVERSION  FACTORS  FOR  BOARD  FEET  SCRIBNER.  80  DBHE  =  0.71365  ♦  1.02008  «  DBHO  -  0.01107  •  (PRET  -  50.0)  -  0.00( 

14  *  (PRET  -  50.0)  «  (PRET  -  50.0) 

GO  TO  (150.155.160).  NSP  GO  TO  145 

3  IFIVOM  .GT.  11.9)  GO  TO  153  85  IFIPRET  .GE.  50.0)  GO  TO  90 

PROD  =  0.87783  «  VDM  +  0.00660  »  BA  -  7.27957  PDBHE  =  0.37321  -  0.17274  *  ALOGIO(PRET)  +  0.79921  ♦  ALDGIOIDBHOI 

GO  TO  200  1*  0.09315  *  ALOGIOIPRET)  *    ALOGIOIDBHO) 

3  PROD  =  5.10752  ♦  0.10712  *  VDM  ♦  0.00185  «  BA  -  36.20229  /  VDM  DBHE  =  10.0  **  PDBHE 

GO  TO  200  GO  TO  145 

5  IFIVDM  .GT.  10.0)  GO  TO  158  40  DBHE  =  0.44222  ♦  1.03170  «  DBHO  -  0.00816  *  (PRET  -  50.0)  -  0.00( 

PROD  =  2.08874  +  0.18091  *  VDM  ♦  0.00045  «  BA  19  t  (PRET  -  50.0)  «  (PRET  -  50.0) 

GO  TO  200  GO  TO  145 

n    PROD  =  0.16583  ♦  3.74174  *  ALOGIO(VOM)  95  CONTINUE 

GO  TO  200  GO  TO  145 

0  CONTINUE  100  CONTINUE 

GO  TO  200  145  IDBHE  =  DBHE  «  10.0  ♦  0.5 

3  CONTINUE  DBHE  =  IDBHE 

D  RETURN  DBHE  =  DBHE  «  0.1 

END  DENE  =  DENO  *  (PRET  •  0.01) 

NDENE  =  DENE  ♦  0.5 
DE-IE  =  NDENE 

/-•WTTt;  ^"^^  "  0.0054542  *  DBHE  *  DBHE  «  DENE 

routine   LLI 1 3  nbase  =  base  »   lo.o  ♦  0.5 

BASE  =  NBASE 

SUBROUTINE  CUTS  RASE  =  BASE  '    O.I 

BREAK  =  49.9  «  REST  /  GIOE 

ESTIMATE  INCREASE  IN  AVERAGF  D.B.H.  DUE  TO  THINNING.  IFIBASE  .GT.  BREAK)  GO  TO  150 

ATEHENTS  FOR  DBHE  AND  PDBHE  ARE  SPECIES-SPECIFIC.  DBHP  =  (GIDE  /  REST)  «  (0.08682  <■  BASE)  +  0.94636 

SNGE  STATEMF.NTS  FOR  DBHP  AND  SOFT  IF  OTHER  GROWING  STOCK  SYSTEM  IS  GO  TO  160 

ED.  150  BUST  =  56.2  «  (REST  /  GIDE) 

IFIBASE  .GT.  BUST)  GO  TO  155 

COMMON  BATCHd)  .FLAG)  ,FLAG2,IGAME,  ITEST,  lYEAR  DBHP  =  (GIDE  /  REST)  •  (0.10938  s  RASE)  -  0.17853 

COMMON  AGE0,AGMRCH, ANBDFI 181 ), ANCUVI 181 ),BFMRCH,OFPCT,BFSALV,CFPCT  GO  TO  160 

l.COMBF.COMCU.CYCL.CYCNWI 3). DBHO. DENO. DESCR(5) ,DLEV, GIDE, GNTR,  155  TMPY  =  BASE  «  (GIDE  /  REST) 

2K0LI6I  ,NGAME,NKOLS, NOYRS. NSP, PRIBOI  150  ),PRICF(  150)  , REGNO), RINT,  TEM  =  TMPY  •  TMPY 

3SITE ,SPEC(5) .SUMM(6.25, 10) ,THIN,VLLVI3),FXTCU  DBHP  =  19.04740  *  TMPY  -  0.25573  "    TEH  +  0.0012539  «  TEM  t    TMPY 

COMMON  BA, BAST, BDFCI 180) ,BDFO( 180), CFMC( 180) ,CFMO( 180) , CUFT, OBHT,  1  -  448.75833 

IDIAMI 180) , FCTR, HITE, JCYCL,NAGO, PRFT, PROO, REST, ROTA, STAND, VDM,  IFITMPY  .GT.  GIOE)  DBHP  ='  DBHO  +  n.B 

2YSDM(180)  160  IDRHP  =  DBHP  «  10.0  *  9.5 

COMMON  ACCST,ANUL,BFCST,CLOSS,CPLT,CSTAC,CSTVL.CTHN.CUCST.DEFOR,  DBHP  =  IDBHP 

IFMRCHDI 10) ,GmNAMI3I , I ACREI 180), lALCUT, IPLNT, IVAR(  26. 150)  .  DBHP  =  DBHP  «  C.l 

2JVAR (15,150) ,KOUNT, LAND. LAST, MALCi)T( 10 ). MOLD, NACOS(  180),  IFIDQHP  -  DBHE)  155,180,170 

3NACUN( 180) ,NONSTK,PRIDIV( 10) ,RATF ,RETRN,VAR( 14, 150),YRLOS  155  PRET  =  PRET  »  1.02 

COMMON  AGEOS (lOOOl ,AGEUN( 1000), ANNFT, OUTAGE, GSVALB,GSVALC ,GVLBF,  IFIPRET  .GT.  100.0)  GO  TO  22C 

IGVLCU, ISUMIIS), IYRM,KACR,LOSS,MIX,MTHN,NSUM( 18) ,RETHV,RETTH,SCLOSS  GO  TO  175 

2,SCPLT,SCTHN,TC0ST,TRET( 1000) .VBHV.VCHV.VLBF.VLCU  170  PRET  =  PRET  «  0.98 

175  CONTINUE 

IFIDBHO  .LT.  9.4)  GO  TO  70  180  DBHT  =  DBHE 

C 

MPUTE  D.B.H.  IF  DBHO  IS  LARGE  ENOUGH  FOR  BASAL  AREA  TO  REMAIN  C  COMPUTE  PDST-TH I NNI No  BASAL  AREA. 

NSTANT.  C 

IFIDBhT  .G(.  5.0)  GO  TO  200 

PRET  =  100. 0  SOFT  =  11.58495  «  DBHT  -  11.09724 

00  50  KJ=l,100  CO  TO  205 

GO  TO  (1.10.20).  NSP  200  IFIDBHT  .GE.  10.0)  GO  TO  210 

ll  IFIPRET  .LT.  50.0)  GO  TO  5  TFM  =  DBHT  *  DBHT 

DBHE  =  0.73365  *    1.02008  »  DBHO  -  0.01107  *  (PRET  -  50.0)  -  0.0001  SOFT  =  7.75226  *  DBHT  ♦0.85289  <•  TEM  -0.07952  »  TEK  «  nBHT-3.4552 

14  *  (PRET  -  50.0)  *  (PRET  -  50.01  205  BAST  =  (REST  /  GIDE)  *  SOFT 
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GO  TO  215 
210  BAST  ■  REST 
215  RRTURN 
220  PRET  =  100.0 

RETURN 

END 


Subroutine  ANVOL 


SUBROUTINE  4NV0L 

TO  COMPUTE  VOLUMES  FOR  EACH  YEAR  OF  STAND  AGE- 
CONTAINS  NO  STATEMENTS  TO  BE  MODIFIED  TO  ADAPT  TO  OTHER  SPECIES. 


COMMON  BATCHO)  ,F 

COMMON  AGEO.AGMRC 
l.COMBF.COMCU.CYCL 
2K0L(6) .NGAME ,NKOL 
3SITE,SPECt5ttSUMM 

COMMON  BA.BASTiBU 
10IAM{180),FCTR,HI 
2YS0M(180) 

COMMON  ACCST.ANUL 
IFMRCH0( 10I,GMNAM( 
2JVARI15,150) ,KOUN 
3NACUN(180) .NONSTK 

COMMON  AGEOSI 1000 
IGVLCU. ISUMI 181 ,IY 
2,SCPLT,SCTHN,TC0S 


C 

C  C 

C  C 

C  C 


KK  =  K  ♦  I 

00  80  1=KK,INT 

AKTR  ■=  AKTR  ♦  1.0 

DIAMdl  =  DBHO  ♦  TMPY  •  AKTR 
80  CONTINUE 

K  =  INT 
85  CONTINUE 

87  IF(ReGN(2l  .GT.  0.01  GO  TO  90 
NIC  =  REGNIll  ♦  1.0 

KU  =  REGN(l) 

00    88    I=NIC.IROT 

DIAMd)     =    DIAM(KU) 

88  CONTINUE 
C 

C  PROVIDE  FOR  ANY  ACRES  BEYOND  CUTAGE  LEFT  UNTHINNED  A  FEW  YEARS. 

C 


LAG1,FLAG2, IGAME, ITEST, lYEAR 

H.ANBOFI 18 1 I.ANCUVI 181) , 8FMRCH , BFPCT , BFSALV . CFPC T 

CYCNW(3),DBHn.DFN0,DESCR(5),DLEV,GI0E,GNTR, 
S.NOYRS.NSP.PRIBtK  I  50 ) . PR ICFl 150 ) , REGN(  J ) ,R INT, 
(6,?5,10),TH1N,VLLVI ?).EXTCU 

FC( 180),BDF0( 180) .CFMCI 180),CFM0( 1 80 ) ,CUF T , DBHT , 
TE, JCYCL,NAGO,PRET,PROD,R£ST,ROTA,STAND,VDM, 

,flFCST,CLOSS,CPLT,CSTAC,CSTVL,CTHN,CUCST,nEFOR, 
3), I  ACRE ( 180).IALCUT, IPLNT , I VAR ( 26, 1 50) . 
T,LANO,LAST,MALCUT(  10 ) , MOLD,NAC0S I  180), 
,PRI01VI10),RATE,RETRN,VAR(1<.,  150),YRL0S 
), AGEUN( loOO), ANNFT,CUTAGE,GSVALB,GSVALC,GVLBF, 
RM,KACR.LOSS,HIX,MTHN,NSUM( I  8 ) , RE THV ,RE TTH , SCLOSS 
T, TRET (1000) .VBHV,VCHV,VLBF,VLCU 


IROT    =    ROTA 

INT    =    RINT 

NVOL    =     (I IROT    -    NAGn)     /     INT)     ♦    1 

K    =    NVOL    -    1 

INTERPOLATE  BETWEEN  VOLUMES  IN  YIELD  TABLE. 

00  I  L=1,K 

DO  I  J=1,INT 

NN  s  J  ♦  NAGO  ♦  (L  -  1 )  »  INT 

RJ  =  J  -  I 

N  =  NAGO  ♦  (L  -  II  •  INT 

ANCUVINN)  =CFMO(N)-CFMC(N)*(RJ/RINT)*ICFHO(N*INT)-CFMO(N)+CFMC(N) ) 
AMBDF(NN)  =BDFO(N) -BDFC ( N)* ( RJ/RI NT ) *(  BDFOI N* INT )-BOFO( N ) +BDFC ( N ) ) 
1  CONTINUE 

WRITE  TABLE  HEADINGS  FOR  PAGE  TYPE  2. 

WRITE  (6,5) 
5  FORMAT  (  1H1,//,61X,11HPAGE  TYPE  2) 
WRITE  (6,10)  SPEC, SITE, CYCL, THIN, DLEV 
10  FORMAT  (1H0,40X,25HGR0WING  STOCK  OF  MANAGED  ,5A8/IH  ,46X,10HSITE  I 
INDEX, F5.0,1H,,F5.0,19H-YEAR  CUTTING  CYCLE/IH  ,  52X,  I'.HDENSI  TY  LEVEL 
2-,F5.0,lX,3HAN0,F5.0) 
WRITE  (6,15) 
15  FORMAT  (1HO,*3X,**HVOLUMES  PRESFNT  PER  ACRE  AT  END  OF  EACH  YEAR) 

WRITE  (6,20) 
20  FORMAT  (IH  ,5'.X,23HMERCHANTABLE  CUBIC  FEE  T/ 1H0,6'.X  ,4HYEAR/1H  ,14X, 
16HDECA0E,9X,1H0,<)X,IH1,9X,1H2,9X,1H3,<>X,  1H4,9X,  1H5,9X,  1H6,9X,1H7,9 
2X,1H8,9X,1H9,//) 
K  =  0 

WRITF  CUBIC  FECT  PER  ACRE  FOR  EACH  YEAR  ON  PAGE  TYPE  2. 

WRITE  (6,40)  K,  (ANCUV(NN)  ,NN=1,1C;) 
'.O  FORMAT  (IH  ,  (20,F13.1,9F10.1) 

IJ  =  (ROTA  •  0.1  ♦  0.5)  -  1.0 

DO  45  J=1,IJ 

NN  =  lu  *  J  ♦  1 

WRITE  (6,<.0)  J,ANCUV(NN),ANCUV(NN+l),ANCUV(NN»2),ANCUV(NN+3)  ,ANCUV 
KNN*'.)  ,ANCUV(NNt5)  ,ANCUV(NN»5)  ,  ANCUV  (  NNt7  )  ,  ANCUV  (  NN  +  fl  )  ,  ANCUV(  NN*9) 
4  5  CONT[NUE 

J  =  ROTA  »  0.1  +  0.5 

ANCUV(  IROTH)  =  CFHO(IROT) 

WRITE  (6, AC)  J,ANCUV( IR0T*1) 

rtRITE  BOARD  FECT  PER  ACRE  FOR  EACH  YEAR  ON  PAGE  TYPE  2. 

WRITE  (6,60) 
60  FORMAT  ( IHO,/// ,55X ,2 3HTH0US ANDS  OF  BOARD  FEET,//) 

WRITE  (6,65)  K, (ANBDF(NN),NN=1,  10) 
65  FORMAT  ( IH  , I  20, F 13. 3, 9F 10.3 ) 

00  70  J=1,IJ 

NN  =  10  •  J  *  1 

WRITE     (6,65)     .),ANBDF(NN),ANBDF(NN»l),ANB0F(NN*2),ANBUF(NNt3),ANBOF 
l(NNt<.)  ,AN8nF(NN»5),ANBDF(NN+6)  ,  ANBDF  (  NN*7  )  ,  ANBDF  INN-fS  )  ,  ANBDF  (  NN*9  ) 
70    CONTINUE 

J    -    ROTA    •    0.1    ♦    0.5 

ANPPFI IR0T»1)  =  BDFO(IROT) 

hRITc  (6,65)  J,ANBDF( IR0T*1) 

INTERPOLATE  BETWEEN  COMPUTED  DIAM(N)  FCR  USE  BY  OTHER  ROUTINES. 

K  =  NAGO 
DO  85  J=l ,NVOL 
TEM  =  K 

INT  =  TEM  ♦  RINT 
TEM  =  INT 

IFITEM  .GT.  ROTA)  GO  TO  87 
OBHO  =  YSDMIK) 
,   IF(D1AM(K)  .GT.  YSDMIK))  DBHO  =  OIAM(K) 
TMPY  =  (OIAM(INT)  -  DBHO)  /  RINT 
AKTR  =  0.0 


90    JCYCL    =    CYLL 

I  Ml     =    JCYCL    -    1 
DO    95    I=NAGO, IROT, JCYCL 
DO    95    J=l,IMI 
NX    -    I     ♦     J 

IF(NX    .GE.     180)    GO    TO    100 
BDFCINX)     -    BDFCI I ) 
95    CFMC(NX)     =    CFMC( I ) 
100    RETURN 
END 


Subroutine  BASIS2 


SUBROUTINE    BASIS2 

TO    E/^TER    OR    COMPUTE    VALUES    USED    FOR    A    SINGLE    GAME. 

CONTAINS    NO    STATEMENTS    TO    BE    MODIFIED    TO    ADAPT    TO    OTHER    SPECIES. 

COMMON    BATCH (3) , FLAGl , FLAG2 , IGAME,  ITEST, I  YEAR 

COMMON    AGECAGHRCH,  ANBDFI  181  ),ANCUV(  18  1  )  ,  BFMRCH,  BFPC  T  ,BF  SALV,CFI 
1,C0MBF,C0MCU,CYCL,CYCNW( 3 ) , DBHO, DENO, DESCR ( 5 ) ,DLFV,G IDE ,GNTR , 
2K0L(6) ,NGAME,NKaLS,NOYRS,NSP,PRI BD ( 150 ) , PR ICF ( 150 ) , REGN( 3 ) , R I  NT 
3SITF ,SPEC (5) ,SUMM(6,?5,10),rHIN,VLLV( 3),EXTCU 

COMMON    BA,RAST,BDFC( 180),BDF0( 180),CFMC( 180),CFM0( 180) ,CUFT,DBH' 
1D1AM( ISO) ,FCTR,HITE, JCYCL,NAGO,PRET,PROD,REST,ROTA,SIANO,VDM, 
2YS0MI 180) 

COMMON    ACCST,ANUL,BFCST,CLOSS,CPLT,CSTAC,CSTVL,CTHN,CUCST,DEFOR, 
IFMRCHDIlOl  ,GMNAM(3) ,  I  ACRE ( 180),  lALCUT,  IPLNT, IVAR(26,150) , 
2JVAR(15,150),K0UNT,LAN0,LAST,MALCUT(10) ,HOLD,NACOSI 180), 
3NACUN(180),N0NSTK,PRIDIV(10),RATE,RETRN,VAR(14,150),YRL0S 

COMMliN  AGEOS(IOOO)  .AGE  UN  I  1000  ),  ANNET,  CUT  AGE  ,  GSVAL8  ,GSVALC  ,GVLBF, 
1GVLCU,ISUMI18),IYRH,KACR,L0SS,MIX,MTHN,NSUM( 1 8 ) , RE THV.RE TTH, SCL( 
2,SCPLT,SCTHN,TC0ST,TRET( 1 000 ) , VBHV , VCHV, VLBF , VLCU 


SET    INITIAL    VALUES    OF    ZERO. 

CSTAC    =    0.0 

CSTVL    =    0.0 

lALCUT    =    0 

KOUNT    =    1 

LAST    =    0 

MIX    =    0 

RETRN    =    0.0 

YRLOS    =    0.0 

DO    1     1=1,180 

I ACRE( I )     =    0 

NACOS( I )     =    0 
1    NACUN( I )     =    0 

DO    5     1=1,10 

FMRCHD( I )     =    0.0 

MALCUTI I )     =    0 
5    PRIDIVI I )     =    0.0 

00    10    1=1,15 

UO    10    J=l,150 

JVARI I ,J)  =  0 
10  CONTINUE 

00  15  1=1,26 

00  15  J=l,150 
15  IVAR( I ,J)  =  0 

DO  20  1=1,14 

DO  20  J=1,150 
20  VARd,  J)  =  0.0 

READ  VALUES  THAT  0(1  NOT  CHANGE  DURING  A  GAME.  FROM  CARD  TYPE  9. 

REAU(5,25)(GMNAM(I),  1  =  1 ,  3  )  ,  L  AND.  MOLD.NON  STK  ,KAREA,  (PLNT,OEFOR,«Nl 
25  FORMAT  ( 343,514, 2Fa. 5) 

IFIKARtA  .FQ.  0)  GO  TO  35 

ENTER  EQUAL  AREA  FOR  EACH  OVERSTORY  AGF  CLASS,  IF  DESIRED. 

MDX  =  CYCNW(l)  ♦  CYCNW(2)  ♦  1.0 
NDX  =  HOLD  ♦  1 
DO  30  I=MDX,NDX 
30  lACREd  )  =  KAREA 

ADJUST  NUMBER  OF  ACRES  IN  OLDEST  CLASS  IF  TOTAL  AREA  NOT  MULTIPLE 
OF  KAPEA. 

KOIFF  =  LAND  -  (NOX  -  MDX  ♦  1)  •  KAREA  -  NONSTK 
lACRE(NDX)  =  lACRFINDX)  ♦  KDIFF 
lACREd)  =  lACREd)  ♦  NONSTK 
GO  TO  45 

READ  UNEQUAL  AREAS  FROM  CARD  TYPE  10,  IF  DESIRED. 

35  READ  (5,40)  ( IACRE( I ). 1=1,180) 
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FORMAT  (181<il 

1    COSTS  AND  LIMITATtONS  ON  CUT  FROf    CARD  TYPES  11  TO  H. 

RFAD  (5,50)  (PRiDlVt I ), 1=1,101 

FORMAT  (10F8.S) 

KEAD  (5,',0)  (MALCUT(  I  I,  1=1,10) 

READ  (5,50)  (FMRCHD( I), 1=1, 10) 

READ  (5,50)  RATE,CPLT,CTHN,CLOSS, ACCST,CUCST,BFCST 

RETURN 

END 


ouline  CHEK2 


SUBROUTINE  CHEK2 

;hECK  VALUES  ENTERED  PY  BASIS2. 

TAINS  NO  STATEMENTS  TO  BE  MODIFIED  TO  ADAPT  TO  OTHER  SPECIES. 

COMMON  eATCH(3),FLAGl,FLAG2,IGAMF,ITEST,IYEAR 

COMMON  AGE0,4GMRCH,ANBDF( 181 ),ANCUV( 181),BFMRCH,BFPCI,BFSALV,CFPCT 
I  .CUMBF ,COMCU,CYCL,CYCNW( 3),DBHQ,DEN0,DESCR(5),DLEV,GIDE,GNTR, 
!KnLI6),NGAME,NK0LS,N0YRS,NSP,PRIPn(150),PRICF(150),REGN(3),RINT, 
iSITE,SPECI5) ,SUMM(6,2  5,10) ,THIN,VLLV( 3),EXTCU 

COMMON  e»,BAST,BDFC( ISO), BDFn( 180 ),CFMC( 180), CFMO( 1801, CUFT,OBHT, 
10  I  AM (180) ,FCTR,HITE,JCYCL,NAGO,PRET, PROD, RE  ST, ROTA, STAND, VOM, 
!YSDM(180) 

COMMON  ACCST,ANUL,BFCST,CLOSS,CPLT,CSTAC,CSTVL,CTHN,CUCST,DEFOR, 
IFMRCHD(IO) ,GMNAM(3) , I  AC  RE ( 1 80 ) , I ALCUT , I PLNT , I VAR ( 26, 1 50 ) , 
!JVAR(15,150) ,KOUNT,LAND,LAST,MALCUT( 10),M0LD,NACnS(lR0), 
INACUNI  180)  ,N0NSTK,PR1DIV(  10),RATE,RETRN,VAR(I<i,150),YRLOS 

COMMON  AGEOS(  1000) ,ACEUN( 1000) , ANN ET, CUT  AGE .GSVAL B ,GSVALC ,GVLRF , 
lGVLCU,ISUM(ia),IYRM,KACR.L0SS,HIX,MTHN,NSUM(18),RETHV,RETTH,SCLOSS 
!  ,SCPLT,SCTHN,TCflST,T»ET(  1000  )  ,  VBHV  .  VCHV  ,  VLBF  ,  VLCU 


100  CU.  FT.  HARVESTED, F9. 2) 
WRITE  (6,55)  AGMMCH,BFCST 
65  FORMAT  (IN  ,AX,22HAGE,  FOR  GROWING  STOCK  ,  1 1  X  ,  F*.  0,  28)( ,  1  3HPER  M  BO. 
1  FT. ,12X,F9.2I 
WRITE  (6,70)  BFMRCH.CTHN 
70  FORMAT  (IN  ,'iX,28HM  BD.  FT.,  FOR  GROWING  STOCK  ,  5X  ,  F5.  1  ,  27X,  13HTHI  N 
1  ONE  ACRE,  12X,F'}.2) 
WRITE  (6,75)  COMCU,CPLT 
75  FORMAT  (  IH  ,AX,27HCU.  FT.,  FOR  CUMMERCIAL  CUT  ,  5X  ,  F  5  .  0  ,  28X  ,  lAHPl.  ANT 
1  ONE  ACRE,11X,FT.2) 
WRITE  16,80)  CnHBF,CLOSS 
80  FORMAT  (  IH  ,'iX,29HM  BD.  FT.,  FOR  COMMERCIAL  CUT,  AX  ,  F  5.  1 ,  27X  ,  19HCLE 
lANUP  OF  ONE  ACRE,6X,F9.2) 
WRITE  16,85)  BFSALV,RATE 
85  FORMAT  (IH  ,'.X,22HM  BO.  FT.,  FOR  S  ALVAGE  ,  1 IX  ,  F  5  .  1 ,  23X  ,  25HRATE  OF  I 
INCREASE  IN  COSTS  ,'.X  ,  F9  .2  ) 
WRITE  (6,88)  EXTCU 
88  FORMAT  ( IH  ,AX,22HCU.  FT.  IN  SAW  LOG  CUT , lOX , F5 .0 , // ) 

WRITE  (6,90)  IPLNT 
90  FORMAT  ( IH  ,22HACRES  PLANTED  ANNUALL Y , 14X , I  4, 25X , 35HREL AT  I VE  VALUE 
1  OF  INTERMEDIATE  CUTS) 
WRITE  (6,951  DEFORUCFPCT 
95  FORMAT  (IH  ,30HPERCENT  OF  ACRES  LOST  ANNUALLY, 6X ,F 8. 3 , 25x , 23HSTUMP 
lAGE  PRICE,  CU.  FT.,2X,F9.2) 
WRITE  (6,100)  6FPCT 
100  FORMAT  IIH  ,69X,23HSTUMPAGE  PRICE,  BD.  FT.,2X,F9.2) 

WRITE  (6,105)  ANUL 
105  FORMAT  (IH  , 29HPSEUDORAN0OM  NUMBER  GFNER ATOR, 5X , F 8 . 1 1 

WRITE  (6,1101  GNTR 
110  FORMAT  (IH  ,3',X,F8.1) 
RETURN 
END 


Subroutine  AREAS 


FLAGl  =  0.0 

FLAG2  =  0.0 

IFILAND  .LT.  1)  FLAGl  =  1.0 

IFILAND  .GT.  1000)  FLAGl  =  1.0 


IF (MOLD  .LT. 
IFIMQLD  .GT. 
IFIACCST  .LE. 
IFIBFCST  .LE. 
IFICTHN  .LE. 
IFCUCST  .LE. 


1)  FLAGl  =  1.0 
1791  FLAGl  =  1.0 
0.0)  FLAG2  =  1.0 
0.01  FLAG2  =  i.O 
0.0)  FLAG2  =  1.0 
n.O)  FLAG2  =  1.0 
IFIFMRCHDdl  .LE.  0.0)  FLAG2  =  1.0 
IF(MALCUT(1)  .LE.  01  FLA62  =  1.0 
IFIPRlnlVIll  .LE.  0.0)  FLAG2  =  1.0 
RETURN 
END 


Dutine  START 

SUBROUTINE  START 


SUBROUTINE  AREAS 

TO  CREATE  AND  CHECK  ARRAY  OF  ACRES  BY  STAND  AGE  AND  TO  COMPUTE  VOLUME 

AND  VALUE  OF  INITIAL  GROWING  STOCK. 

CONTAINS  NO  STATEMENTS  TO  BE  MODIFIED  TO  ADAPT  TO  OTHER  SPECIES. 

COMMON  BATCH(3),FLAG1,FLAG2, IGAME, ITEST, lYEAR 

COMMON  AGED, AGMRCH,ANBDF( 18 1 ) , ANCUV( 1 8 1 ) , BFHRCH, BFPC T , BFSALV , CFPCT 
1 ,CnMBF,COMCU,CYCL,CYCNW(3),DBHO,DENn,DE5CR( 5),DLEV,GIDE,GNTR, 
2KnL(6),NGAME,NK0LS,N0YRS,NSP,PRIBn(150),PRICF(150),REGNI3),RINT, 
3SITE,SPEC(51 ,SUMM(6,25,10),THIN,VLLV( 31 , EXTCU 

COMMON  BA,BAST,BDFC( 1801 ,BDFO( 180) ,CFMC(  180),CFM0I  I  80 ) ,CUFT ,DBHT , 
10IAM(180) ,FCTR,HITE, JCYCL,NAGO,PRET, PROD, REST , ROTA, STAND, VDM, 
2YSnMll80) 

COMMON  ACCST,ANUL,BFCST,CLOSS,CPLT,CSTAC,CSTVL,CTHN,CUCST,DEFOR, 
IFHRCHDI 10) ,GMNAM(3) , 1  ACRE (180) , I ALCUT, I PLNT , IVAR ( 26, 150 1  , 
2 JVAR (15,150) .KQUNT, LAND, LAST, MALCUT( 10), MOLD, NACOS( 180), 
3NACUN(180),N0NSTK,PRIDIV(10),RATE,RETRN,VAR(1',,150),YPLQS 

COMMON  AGEOSI  1000), AGE  UNI  1000),  ANNET, CUT  AGE, GSVALB.GSVALCGVLBF, 
IGVLCU, ISUM( 181 ,1 YRM,KACR, LOSS, MIX, MTHN,NSUM( 1 8 ) , RFTHV , RET TH, SCLOSS 
2,SCPLT,SCTHN,TC0ST,TRET( 1000  1 , VBHV ,VCHV, VLBF, VLCU 


RINT  CONDITIONS  OF  SIMULATIONS  ON  PAGE  TYPF  3. 

AINS  NO  STATEMENTS  TO  BE  MODIFIED  TO  ADAPT  TO  OTHER  SPECIES. 


COMMON 
COMMON 
,COMBF 
K0L(6I 
SITE ,S 
COMMON 
DIAM( 1 
,YSnM( 1 
•COMMUN 
.FMPCHD 
I  JVAR (  1 

|nacu:\|( 
JCOMMON 
GVLCU, 
,SCPLT 

DFFORl 

WRITI 

FORMAT 


BATCHO)  ,  FLAGl  ,FLAG2,  I  GAM 

AGEO, AGMRCH, AMBOFI 181 )  ,  AN 

C0MCU,CYCL,CYCNW( 3  1,DBH0, 

NGAME,NKOLS,NOYRS,NSP,PRI 

PEC(5),SUMM(6,2';,10),THIN, 

BA, BAST, BDFCI 1801, RDFO( 18 

80),FCTR,HITE,JCYCL,NAG0,P 

80) 

ACC5T,ANUL,BFCST,CL0SS,CP 
(10)  ,GMNAM(3) , I  ACRE (1801 , I 
5,1501,KOUNT,LAND,LAST,MAL 
1RO),NONSTK,PR10IV(10),RAT 
AGEOSI 1000) ,AGEUN( lOOOl ,A 
ISUM(18),1YRM,KACR,L0SS,MI 
,SCTHN,TCQST,TRCT( 1000),VB 


F, ITEST, lYEAR 

CUV( 181 ),BFMRCH,BFPCT, BFSALV, CFPCT 

DEN0,DESCB(5),DLEV,GIDE,GNTR, 

P D( 150), PRICE ( 1501, RFGN( 31, RINT, 

VLLVI31, EXTCU 

Ol.CFMCI 180), CFMOI 1801, CUFT,DBHT, 

RET, PROD, REST, ROTA, STAND, VOM, 

LT,CSTAC,CSTVL,CTHN,CUCST,DEFOR, 
ALCUT, IPLNT, IVAR (2  6, 150), 
CUT( 10),MOLD,NACOSI1801 , 
F,RETRN,VAR(1<.,150),YRL0S 
NNFT,CUTAGF,&SVALB,GSVALC,GVLBF, 

MTHN,NSUMI 1 8 1 , R E THV , R E T TH , SCLOSS 
HV, VCHV, VLBF, VLCU 


r,/i 


'El 


W3  I  IE 
F  r/'ifAt 

'Wl*  1  Tc 
Fn«M4T 
WRI  TC 
FORMAT 
WRITE 
FORMAT 
WR  1  TE 
FOOMAT 
iWRlTfc 
FORMAT 
WRI  IE 
'FOOMUT 
WRITE 
FORMAT 
jWRITE 

IFORMAT 
T  YEAR 
jWRI  TE 

IFORMAT 
JWRITE 

IFORMAT 


=  DEFOR  *  100.0 
(6,5) 
( 1H1,//,5AX, IIHPAGE  TYPE  3/ IHO, ASX , 26HALTERNAT I VE S  FDR  THIS 

(6,101  (BATCH( I ) , 1=1, 3) 

(IH  ,'>5X,7HBATCH   ,3A8) 
(6,15)  ITEST 

(IH  ,'.5X,4HTEST,  I'll 
(6,20)  (GMNaMI I  1 , 1  =  1, 31 

(IH  ,'i5X,6HGAME   ,  3Aa  1 
(6,25)  IOESCP(  I  ), 1=1,51 

(IH  ,'V5X,5A8,////1 
(6,30)  NOYRS 

(IH  ,<,5X,2',HNUMBER  OF  YEARS  PER  GAME ,  I  <.,//// ) 
(6,35)  (PRIDIVI  I  1,  1  =  1, 101 

(IH  ,15HCRITICAL  PR  I  CCS , 1 2X , 1 0F9. 2 1 
16,101   (MALCUT( 1 1 , 1=1, 10) 

(IH  ,13HALLUWABLE  CUT, 1 IX , 1019 ) 
(6,45)   (FHRCHD( I ), 1=1,10) 

(IH  ,19HMINIMUM  CUTTING  ACE , 6X , 10F9. 0, // // ) 
(6,50)  LAND 

(IH  ,23HACRES  IN  WORKING  C I RCL E , 1 3X, I  A , 25X , 27HC0STS  IN  FIRS 

OF  GAME) 
(6,551  ACCST 

(IH  ,69X,17HPER  ACRE  ( ANNUAL  1 , 8X, F9.2 I 
(5,60)  CUCST 

IIH  ,38HMINIMUM  VALUES  FOR  INCLUSION  IN  TOTALS , 3 IX , 25HPER  1 


GSVALB  =  0.0 
GSVALC  =  0.0 
GVLBF  =  0.0 
GVLCU  =  0.0 
DO  5  1=1,18 
ISUMI I )  =  0 
5  NSUMI I )  =  0 
DO  10  1=1,1000 
AGEOSI I )  =  0.0 
AGEUNd  )  =  0.0 
TRtTI I )  =  0.0 
10  CONTINUE 

CONVERT  OVERSTORY  ACRES  IN  EACH  lACREd)  TO  INDIVIDUAL  ACRES. 
ASSIGN  UNDERSTORY  ACRES  IF  USING  SEED  TREES  OR  SHELTERHOOO. 

JK  =  0 

DO  20  J=l,180 

IFIJK  .GE.  LAND)  GO  TO  25 

IF(IACRE(J)  .LE.  0)  GO  TO  20 

KL  =  JK  t  1 

JK  =  JK  t  lACRE(J) 

DO  15  I=KL,JK 

NAC  =  LAND  •»  1  -  I 

AGEOS(NAC)  =  J  -  1 

IF(REGN(21  .EO.  0.01  GO  TO  15 

IF(  AGE0S(NAC1  .LE.  REGNdll  GO  TO  15 

AGCUN(NAC1  =  AGCOS(NAC)  -  REGNdl 
15  CONTINUE 
20  CONTINUE 

ASSIGN  TREATMENT  STATUS  CODE  IF  SEED  TREES  OR  SHELTERWOOO  USED. 

25  IF(REGN(21  .EQ.  0.0)  GO  TO  35 

TEM  =  REGNd)  -  1.0 

DO  30  1=1, LAND 

IFIAGEOSdl  .LE.  TEMl  GO  TO  30 

LAST  =  LAST  ♦  1 

IFIAGEOSdl  .LT.  REGNd))  GO  TO  30 

TRETIIl  =  AGtOSIIl  -  REGNdl  ♦  1.0 
30  CONTINUE 

GET  DISTRIBUTION  OF  ACRES  BY  AGE.  CHECK  THAT  NO  ACRE  IS  OLDER  THAN 
179  YEARS  UNLESS  APPROPRIATE  DIMENSIONS  ARE  CHANGED. 

35  00  50  K=1,LAN0 
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IFIAGEOSIKI  .LE.  179.0)  GO  TO  1,0 

FL4G1  =  2.0 

KETURN 
40  LM  =  AGEOSIKI  ♦  l.O 

N4C0SILMI  =  NACOSILM)  »  1 

XL  =  AGEUNIK)  ♦  1.0 

NACUNCL)  =  NACUN(ML)  »  I 
50  CONriNUE 

COMPUTE  TOTAL  »C«ES  PY  10-YEAR  AGE  CLASSES. 


00  60  1=1.18 
PO  60  J  =  l  ,10 
NS  =  10  •  I  1  -  1) 
ISUKIIl  =  ISUXd) 
NSUMdl  =  NSUMd) 
60  CONTINUE 


NAC0S(NS1 
NACUNINSI 


COMPUTE  VOLUME  OF  GROWING  STOCK. 
THAN  iJFkRCH. 


USE  CU.  FT.  IF  VOLUME  IS  LESS 


DO  100  H=1,LAN0 

IFIREGNIZI  .EO.  O.Ct  GO  TO  80 


ADD  VOLUME  OF  UNOEBSTORY  IF  SYSTEM  IS  SEED  TREE  OR  SHELTERWOOD. 

IFIAGEUNIH)  .LT.  AGMRCH)  GO  TO  8C 
IL  =  AGEUNtH)  ♦  1.0 

IF(A'JB0F(  ID  .GE.  BF"HCH)  GO  TO  70 
CVLCU  =  GVLCU  »  ANCUV(IL) 
GO  TO  80 
70  GVLBF  =  GVLPF  ♦  ANPOFIIL) 

ADO  IN  VOLUME  OF  MAIN  STAND.   IS  OVERSTORY  IF  SYSTEM  IS  SEED  TREE  OR 
SHELTSRWOOn. 

80  IF(AGEnS(MI  .LT.  AGMiJCH)  Gn  TO  100 

lAG  -  AGEOS(M)  ♦  1.0 

IFIANOOFI lAG)  .GE.  BFHRCH)  GO  TO  90 

GVLCU  =  GVLCU  ♦  ANCUVIIAG) 

GO  TO  100 
■JO  GVLOF  »  GVLPF  ♦  ANROF(IAG) 
100  CONTINUE 

COKPUT.-  INITIAL  NTN-ZERO  VALUES  FOR  KEPRT2. 

IVAR(7,  1  )    =   GVLCU   ♦    o.-; 

IVABO.l  )     =    GVLBF    ♦C.I 

IV5R(<),1I     =     IVARIS.ll     ♦     IVAR(7,1I 

IV\R(1C,11     =     IVA^Ih.l)     «     IVARie.l) 

IVARdlfll     -    NDNSTK 

V\<d  ,1  )     =    PRICFd  1 

VA.)(2,1)     =    PRIBDdl 

:.SVAL«    =    GVLPF    »     (PRIBOd)    -    BFCST) 

GSVALC    =     (GVLCU    •    0.01)     *    (PRICFIl)    -    CUCST) 

VARdl.l)     =    GSVALC    ♦    GSVALII 


VARI  I'l.l  I     =    VAR(  n,  1)     ♦ 

DP    no    1=1,1* 

N    =     I     ♦    11 

JVAR 11,1)     =    NSUMI I  ) 

1VAR(N,II     =     ISUM(I) 

nn   120   1=15,18 

JVARd^.l)     =     JVARdS,!) 
li/AKt2f.,ll     =     IVAR(26,ll 
RETURN 
cNO 


Subroutine  REPRTl 


SlIBROUIINE    REPRTl 


VARI  12,  1  I 


NSUM( I  I 
ISUM(  I  ) 


C  TU  REPORT  DISTRIBUTION  OF  ACRES  BY  AGE  CLASSES. 

C  CONTAINS  NO  STATEMENTS  TO  BE  MODIFIED  TO  ADAPT  TO  OTHER  SPECIES. 


COMMON 

Cr.MMON 
l.CQMBF 
2K0L(6I 
3SITE,S 

COMMON 
1"I»M( I 
2YSnf (1 

CT"fON 
1F"KCHD 
2  IVSR  I  1 
3-|ACUN( 

COMMON 
ICVLCU, 
2,SCPLT 


BATCHO)  iFLAGl  ,FL 
AGEO, AGMRCH, ANTOF 
,COMCU,CYCt ,CYCNK( 
,NGAME,NKOLS,NnY=.S 
I'ECI^)  ,SUMM(6,?5,  1 
bA,«AST,PDFC(  IRC) 
'0)  ,FCTi»,HITE,  JCYC 
801 

ACCSI,ANUL, BFCST, 
I  101  ,GMNAM(  -J)  ,  lACR 
5,1501 .KnuNT.LANO, 
ISO) ,NOSSTK,PRiniV 
AGEPS( 1000 ) . AGEUN 
SUMI 13) , IYRM,KACR 
,SCTHN,TCOST,TRFT( 


AG?, IGAHC, ITEST, lYEAR 

(181  ),ANCUV(  181)  ,6FMRCH,(<FPCT,PFSALV,CFPCT 

?),08IIO,DENO,DESCR(5)  ,  OLE  V  ,G  I  OF  ,GNTR  , 

,NSP,PRinn(  150  ),PR  ICF(  15C),.»EGM(  3),RINT, 

0),T|JIN,VLLVI  3)  ,EXTCU 

,PDFO( 180),CFMC( 180),CFM0( ISO) ,CUF T , DRHT , 

L,NAG0,PRET,PROD,RFST,R0TA,STAN0,VnM, 

CLOSS,CPLT,CSTAC,CSTVL,CTHN,CUCST,OEFOR, 

E( 180), lALCUT, I  PENT, I VARI 26, 150) , 

LAST,MALCUTI 10) ,MDLO,NACOS( 180), 

(  10) ,RATE,RETRN,VAR(  14, 150), YkLOS 

( lOCO), ANNE T, CUT AGE, GSV ALB, GSVALC, GVLPF , 

,LOSS,MIX,MTHN,NSUM( 18) ,RE  THV, RC TTH, SCLOSS 

1000) ,VBHV,VCHV,VLBF,VICU 


..-I  ITT  TAOLE  HEADINGS  FOR  PAGE  TYPE  4. 

U1  120  KU=1 ,2 

IFIKU  .EU.  2  .AND.  RFGNI2)  .EO.  CO  GO  TO  120 

WRITE  (6,51 
5  FO<MAT  ( 1H1,//,55X,11HPAGE  TYPE  4) 

IFIKU  .EO.  2)  CO  To  15 

Wi>ITE     (CIOI 
IC    FORMAT    (lH0,'iOX,38HDISTRIBUTION    OF    OVERSTORY    ACRES    BY    ATE) 

GO    TU    30 
15    WRITE     (».,2?) 

2r.    FORMAT     llH0,<iOX,3'>HOISTRIBUTION    OF    UNOERSTORY    ACRES    BY    AGE  I 
30    WRITE     (6,35)     (PATCH!  I  ),  Ul,  3) 


35 

FORMAT  (1 
WRITE  (A, 

AC 

FORMAT  (1 
WRITE  (6, 

45 

FORMAT  (1 
WRITE  (6, 

50 

FORMAT  d 
WRITE  (6, 

55 

FORMAT  (1 
WRITE  (6, 

60 

FORMAT  (1 
WRITE  (6, 

70 

FORMAT  (1 
1X,1H5,7X, 

c 

c 

WRITE  NUMBER 

c 

10- 

^TEAR  CLASS 

c 

DO  100  J= 
IK  =  J  - 

NN  =  10  » 
IFIKU  .EU 
WRITE  (6 
1S(NN*4) ,N 
2)  ,  ISUM( J) 
80  FORMAT  ( 1 
GO  TO  100 
90  WRITE  16, 
1NINN»4) ,N 
2)  ,NSUM( Jl 
100  CONTINUE 
120  CONTINUE 
RETURN 
END 


H  ,45X,7HBATCH   ,3A8I 

40)  ITEST 

H  ,45X,4HTEST,I4) 

45)  (GMNAMI I ), 1=1,3) 

H  ,45X,6HGAME   ,3A8) 

50)  (DESCRd  ),  1  =  1,51 

H  ,45X,5A8) 

55)  lYEAR 

H  ,45X,16HYEAR  WITHIN  GAME, 14,//) 

60) 

H  ,55X,<»HAGE(YEAR)  ) 

70) 

H  ,4X,1 IMAGE ( DECADE ),8X, IHO, 7X, IHl , 7X, 1H2, 7X , 1H3,7X,: 

lH6,7X,lH7,7X,lHe,7X,lH9,10X,5HT0TAL.//) 

OF  ACRES  IN  EACH  1-YEAR  AGE  CLASS  AND  THE  TOTALS  OF 
ES  ON  PAGE  TYPE  4. 

1,18 
1 
IK  ♦  1 
2)  GO  10  9u 
80)  IK,NACOS(NN)  ,NAC0S(NN»1 ) , NACOS ( NN*2 I , NACOS( NN* 3 ) , 
ACOS(NN*5),NACOS(NN»6),NAC0S(NN»7),NACOS(NN«8) ,NACOSI 


H  ,  I  11  ,5X, 1018, I  15,/) 


801  IK, NACUN ( NN ) , NACUN ( NN» 1 ) , NACUN ( NN*2 ) , NACUN ( NN»  3 ) , 
ACUN(NNt5),NACUN(NN*6),NACUN(NN»7) ,NACUN( NN* 8 ) ,NACUN( 


Subroutine   COVER 


SUBROUTINE  COVER 
C 

C  TO  SIMULATE  ANNUAL  CHANGES  DUE  TO  PLANTING  OR  F 
C  CONTAINS  NO  STATEMENTS  TO  BE  MODIFIED  TO  ADAPT 
C 

COMMON  BATCH(3),FLAG1,FLAG2, IGAME  ,  I  TEST,  I YF 

COMMON  AGEO, AGMRCH, AM BOF( 18  1 ) ,ANCUV(  181) ,BF 
1 ,C0MPF,C0MCU,CYCL,CYCNWI3) , DBHO, DENO, DESCR ( 
ZKOL 15)  ,NGAME,NKnLS,NnYRS,NSP,PRI80(  150),PR  I 
3SirE,SPEC(5),SUMM(6,?5, 10 ) , TH IN, VLL V ( 3), EXT 

COMMON  BA,BAST,BDFC( 180) ,BDFQI 180  I ,CFMC (  1  SO 
ini  AMd80)  ,FCTR,HITE,  JCYCL,NAGO,PRET,PROD,RE 
2YSnM1180) 

COMMON  ACCST,ANUL, BFCST, CLOSS,CPLT,C STAC, CS 
1FM«CHD(10),GMNAM(3),IACRE(180).IALCUT,IPLNT 
2 JVAR (15, 150) ,KOUNT,LANP,LAST,MALCUTI 10),MnL 
3NACUN(1B0) ,NONSTK,PRI0IVI 10 ) , R AT fc , RETRN, V AR 

COMMON  AGEOSl 1000) , AGEUN ( 1 000 ) , AMNE T , CUTAGE 
1GVLCU,ISUM(18),IYHM,KACR,L0SS,MIX,MTHN,NSUM 
?,SCPLT,SCTHN,TC0ST,  TRET  (1000)  ,  VBtIV  ,  VCHV  ,  VLB 
C 

GVLBF  =  0.0 

GVLCU  =  0.0 

LOSS  =  0 

NPLNT  =  0 

RETHV  =  0.0 

■<FTTH  =  0.0 

SCLUSS  =  0.0 

SrpLT  =  0.0 

SCTH'-<  =  0.0 

VLHF  =  0.0 

VLCU  =  0.0 

JCYCL  =  CYCL 

[YRM  =  (YEAR  *  1 

C  ^'AKE  ANY  SCHEDULER  ANNUAL  SEEDING  OR  PLANTING. 

r 

iriNUNSTK  .CO.  0)  GO  TO  5 

N"LNT  =  IPL'U 

IFINPLNT  .GT.  NONSTk)  NPLNT  =  NONSTK 

NCNSTK  =  NONSTK  -  NPLNT 

ftPLT  =  NPLNT 

SCPLT  =  APLT  »  CPLT 

IFINONSTK  .EO.  0)  on  T?  5 

lF(RcGN(2)  .GT.  0.0)  GO  TO  1 

KIM  =  LAND  -  NONSTK  *  1  *  LAST 

IFdilM  .GT.  LAND)  KIM  =  KIM  -  LAND 

->0  TO  3 
1  KIM  =  LAND  -  NONSTK  *  1 
3  ICH  =  KIM  *  NONSTK  -  1 


IRES. 

TO  OTHER  SPECIES. 

AR 

HRCH,BFPCT,BFSAIV,C 

5),DLEV,GIDE,GNTR, 

CF( 150) ,REGN( 3),R1K 

CU 

),CFMO( 180),CUFT,OB 

ST, ROTA, STAND, VOH, 

TVCCTHN, CUCST, DEFO 

IVAR(26,150)  , 
D,NACOSI 180), 
( 14, 1501, YRLOS 
,GSVALP. GSVALC, GVL8 
( 18) ,RETHV,RETTH,SC 
F.VLCU 


INCREASE     STAND    AGES    ONE    YEAR    TO    OBTAIN    ACES    FOR    CURRENT    YEAR. 
C 

5    OC    IC     1=1, LAND 

AGEOSl I)  =  AGEOSl I )  *  1.0 
10  CONTINUE 

no  13  1=1, LAND 

irlTRETd)  .EO.  0.01  GO  TO  13 
AGFUNI I )  =  AGEUNI I )  ♦  1.0 
IRETd  )  =  TRET(  II  ♦  1.0 
13  COMTINUE 

IFINONSTK  .60.  0)  GO  TO  20 
C 

C  SUPPRESS  AGE  INCREASE  FOR  NONSTOCKED  ACRES. 
C 

DO  15  I=KIM,ICH 


28 


AGEOSI I  I  =  0.0 

AGEUN(l)  =  0.0 

>  CONTINUE 

)  IFIDEFOR  .EQ.  0.0)  GO  TO  100 

IPUTE  AREA  DEFORESTED  ANNUALLY. 

AKDX  =  LAND  -  NONSTK 

YRLOS  =  (AKDX  *  DEFOR)  ♦  YRLOS 

IFIYRLOS  .LT.  1.0)  GO  TO  100 

JERATE  PSEUDORANDOM  NUMBER  FOR  AGP  OF  ACRE  DESTROYED. 

FH  SEED  TREES  OR  SHELTERWOOD,  ALL  COMPUTATIONS  BASED  ON  AGE  OF 

LRSTORY. 

>  NOIV  =  (17.0  «  ANUL  ♦  3.0)  /  128.0 
NULL  =  ANUL 

NULL  =  (17  •  NULL  +  3)  -  128  »  NDIV 
ANUL  =  NULL 

;CK  THAT  AGE  EXISTS  AND  IS  BETWEEN  ONE  AND  OLDEST  CURRENT  ICE. 


IF  l«rr,.-g(2)  .GT. 
IF(1YFAR  .FO.  1 


0.0)  GO  TO  100 
I  LAST  =  0 


C  PREH^RE  SUUTOTALS  FOR  CURRENT  YEIR  AND  CHECK  THAT  NO  ACRT  IS  OLDER 

C  THIN  179  y:a«S. 

C 

100    L>0    HO    K  =  l,lflO 

N\r.0SIK)     -    0 

N'VCUi>i(KI  =  t 
HO  CONTINUE 

no  130  K=1,L1ND 

IF(  Ar,tOS(K) 

FLIGI  =  2. J 

GO  TO  lAO 
120  L"  =  AGSOS(K)  -t  1.0 

NACnSCL")  =  N\COS(LM)  ♦■  1 

ML  =  AGEUN(K)  ♦  1.0 

NACU'^HNL)  =  i'JlCU\(f'L)  +  1 
131  CONTINUE 
I'.O  RETURN 

ENO 


179.0)  GO  TO  120 


IF(REGN(2)  .EQ.  0.0)  GO  TO  28 

IFIANUL  .LE.  AGEO  )  GO  TO  25 

GO  TO  29 
)  IF(ANUL  .LE.  0.0)  60  TO  25 

IFIANUL  .GT.  AGE()S(K0UNT)  )  GO  TO  25 
)  DO  30  M=1,LAND 

KACR  =  M 

IF(AGEOS(M)  .EQ.  ANUL)  GO  TO  35 
)  CONTINUE 

GO  TO  25 

r  LOSS  TO  REDUCE  CURRENT  ALLOWABLE  CUT. 

>  LOSS  =  LOSS  ♦  1 

NONSTK  =  NONSTK  »  1 
YRLOS  =  YRLOS  -  l.O 
IFIREGN(2)  .GT.  0.0)  GO  TO  3fi 
IFdYEAR  .EO.  1)  LAST  =  KACR 

.VAGE  BOARD-FOOT  VOLUME  IF  NOT  LESS  THAN  PFSALV  AND  IF  AGE  IS 
:ATER  than  AGEO. 


i  IFINULL  .LE.  NAGO)  GO  TO  50 

IFdYEAR  .EO.  1)  MTHN  =  FMRCH0(1] 

NULL  =  NULL  ♦  1 

KULL  =  NULL  -  1 

IF(REGN(2)  .EO.  0.0)  GO  TO  39 

IF( AGEOS(KACR)  .GT.  REGN(l)  .AND.  AGEOS(KACR) 
1  ^.O 
I  IF(KULL  .LT.  MTHN)  GO  TO  '.O 

SALVB  =  ANBDF(NULL)  *    BDFC(KULL) 

GO  TO  ".S 
I  SALVB  =  ANBOF(NULL) 
I  IFISALVB  .GE.  BFSALV)  GO  TO  '.B 

SCLOSS  =  SCLOSS  +  CLOSS 

GO  TO  50 
I  VLBF  =  VLBF  ♦  SALVB 

RETTH  -    RETTH  ♦  SALVB  •  IPRIBO(IYRM)  »  BFRCT) 


Subroutine  HRVST 


.NE.  REGNI2))  CO  TO 


lUMBER  ACRES.  PUT  ACRE  LOST  AT  END  OF  AGE  SEQUENCE  WITH  AGE  ZERO. 

I  IF(REGN(2)  .GT.  0.0)  GO  TO  80 

IF(KACR  .NE.  KOUNT)  GO  TO  55 

LAST  =  LAST  »  1 

KOUNT  =  KOUNT  ♦  1 

AGEOS(LAST)  =  0.0 

GO  TO  100 
i  LUB  =  LAST  -  1 

IFIKACR  .LT.  LAST)  GO  TO  70 

MNO  =  LAND  -  KACR 

DO  60  J=1,MN0 

JSUB  =  KACR  *  J 

I  SUB  =  JSUB  -  1 

AGEOS(ISUB)  =  AGEOS(JSUB) 
I  CONTINUE 

AGEOSILANO)  =  AGEOS(l) 

DO  65  K=l ,LUB 

KAN  =  K  ♦  1 

AGEOS(K)  =  AGEOS(KAN) 
.  CONTINUE 

AGEOS(LAST)  =  0.0 

GO  TO  100 
1  DO  75  M=KACR,LUB 
i  MOL  =  M  ♦  1 

AGEDS(M)  =  AGEOS(MOL) 
i  CONTINUE 
{    AGEOS(LAST)  =  0.0 

GO  TO  90 

MNO  =  LAND  -  1 
'  DO  85  M=KACR,MNO 
I  MOL  =  M  »  1 

AGEOS(M)  =  AGEOS(MOL) 
.  AGEUN(M)  =  AGEUN(MOL) 

TRET(M)  =  TRET(MOL) 
I  CONTINUE 

AGEOS(LAND)  =  0.0 

AGEUN(LAND)  =  0.0 

TRET(LAND)  =  0.0 

IF(KACR  .LE.  LAST)  LAST  =  LAST  -  1 

DVE  ANOTHER  ACRE  IF  FIRF  LOSS  TOTAL  STILL  ONE  ACRE  OK  MORF . 
IFIYRLOS  .GE.  1.0)  GO  TO  25 


SUeROUTINF  HRVST 


Tf  S1^"I)LATE  ANNUAL  CHANGES  DUE  TO  THINNINGS  «N0  REGENERATION  CUTS. 
STATFVtNTS  FOR  ADD  ARE  SPEC  I t S-5P EC  I F I C . 


cnv 

CO" 
1,C0 
2K0L 
3SIT 

COM 

ini  1 

2YSP 

CO" 
IFVR 

2jva 

3\AC 

CO 
lOV 
2,SC 


TCHI3) iFLiGl , FL 
EO,  ACRCH,  ^NB^F 
MCU.CVCL.CYCNWI 
AME .NKOLS .N^Y'S 
(5) ,SUWM(6,25,  1 
.PAST.BOFCI 180) 
,FCTR,HITE, JCYC 

CST.ANUL.UFCST 
),G>»NAN'(3),  I  ACR 
50)  ,K;!UMT,L  ^ND 
) , NONSTK, PRiniV 
EOS  I  1000)  ,AGfU.N 
M| 18) , 1YPM,K4CB 
THN,TCnST,T^FT( 


AG2, IG^ME, ITESl  lYFAR 

(ini),ANCUV(lRl  ,8FMRCH,BFPCT, BFSALV, CF PC 
3),DBHO,nFNO,nESl,''(5),DLFV,G!nF,(.NTR, 
,NSP,PRlrO(  ISO.P"  l"FI  150),ReGN(  3)  ,RINT, 
0),TH1N,VLLV( 3) ,EXTCU 

.BDFOI IRC) ,CFMC( 1R0),CFM0( 180) ,CUFT,DBHT, 
NAGO, Pf FT, PROD, RE  ST, ROT A, ST  AND, VDM, 

CLnSS,CPLT,CSTAC,CSTVL,CTHN,CUCST,0EFOR, 

E(  1ST),  ULCUT,  'PLNT,IVAR(^^,150), 

LAST .MALCUTI K ) , MOL D, NACOS ( 180), 

(10  1,KMTh,!>ETRN,   'ARIl^i,  150),  YRLOS 

llOOO),;NNET,CUTA.,r,GSVALB,r,SVALC,GVLeF, 

,  LOSS, •'I,<,>'THN,.',U«' 1181, RETHV, RET  TH,SCLOS 

1000),VPIV,VCHV,VLPF,v;CU 


OtTEIO'lNL  ALLOWABLE  CUT  ON  BASIS  OF  hO.  FT. 

DO  5  J  =  l  ,10 
NSUB  =  J 

IFIPRIBn( I YRC)  .LE.  PRiniVIJ))  CG  TO  10 
i    CONTINUE 
10  lALCUT  =  MALCUTINSUB)  -  LOSS 
CUT4CF  -    FMRCHPINSUBI 

CU'^PUTC  THINNINGS  FOR  ANNUAL  CUT. 

^XY  =  C 

M4C  =  CUTAGF 

DO  70  1=NA(,0,MAC,JCYCL 


C  COMPUTE  HO.  FT.  FRO"  THU'NINGS. 
C 

VBTH  =  0.0 

VCTH  =  0.0 

VLBFl  =  0.0 

VLBF3  =  0.0 

VLCUl  =  O.C 

VLCU3  =  0.0 

IF( I  .GE.  MAC)  GO  TO  SO 

M-l  =  I  ♦  1 

IF(ODFC(I)  .LT.  COMPF)  GO  TO  60 

VLBFl  =  NACOSIMR)  *  BDFC(l) 

VLbFj  =  NACUN(MR)  *  BDFCII) 

VLBF  =  VLBF  ♦  VLBFl  ♦  VLBF3 

VBTH  =  VLBFl  *    VLeF3 

KFTTH  =  RETTH  +  VBTH  •  IPRIBP(IYPM)  *  BFPCTl 

.•^XY    =    MXY    t     1 


■"PtiGi    PRICE, 


CU.  FT.  NOT  IN  SAWLOGS  INCLUDED  IN  CU .  FT.  CUT,  IF  COMMERCIAL. 

GO  TO  I  15,20,25)  ,  NSP 
15  ADD  =  BDFCII)  «  161.79999  +  2677.97761  /  DIAMII)  -  '..03',45  »  BDFC 
II  )) 

GO  TO  50 
20  ADD  =  BDFCII)  *  (209.3'.226  ♦  298.06217  /  DIAMII)  -  0.5',225  • 
1  BDFCII)) 

GO  TO  50 
25  CONTINUE 
SO  ADD  =  CFMCd  )  -  ADO 

IFIADO  .LT.  EXTCU)  CO  TO  70 

VLCUl  =  NACOS(MR)  »  ADD 

VLCU3  =  NACUN(MR)  *  ADD 

VLCU  '    VLCU  ♦  VLCUl  ♦  VLCU3 

VCTH  =  VLCUl  +  VLCU3 

RETTH  =  RFTTH  »  (VCTH  *  0.01)  »  IPRICFIIYRM)  «  CFPCTI 

GC  TO  70 

COMPUTE  CU.  FT.  FROM  THINNINGS  IF  BP.  FT.  CUT  IS  NONCOMMERCIAL. 

60  IFICFMC(I)  .LT.  COMCU)  GO  TO  65 
VLCUl  =    NACOS(MR)  «  CFMC(l) 
VLCU3  =  NACUNIMR)  »  CFMC(I) 
VLCU  =  VLCU  ♦  VLCUl  ♦  VLCU3 
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VCTH  -    VLCUl  *  VLCU3 

RETTH  =  RETTH  ♦  VCTH  •  0.01  •  (PRICF(IYRM)  »  CFPCTl 
MXY  =  HXY  ♦  1 
GO  TO  70 
65  HXY  =  MXY  ♦  I 

SCTHN  -    NACOSIMRI  •  CTHN  ♦  SCTHN 
SCTHN  -    N4CUNIMR)  •  CTHN  ♦  SCTHN 
70  CONTINUE 

80  MTHN  =  NAGO  ♦  MXY  •  JCYCL 
C 

C  SELECT  APPROPRIATE  SUBROUTINE  FOR  S I L V ICULTURAL  SYSTEM  SPECIFIED. 
C 

IFdALCUT  .LE.  0)  CO  TO  100 
IF(REGN(2)  .GT.  0.0)  GO  TO  90 
CALL  CLEAR 
GO  TO  100 
90  CALL  SHWD 
100  RETURN 
END 


Subroutine   CLEAR 


Subroutine  SHWD 


SUBROUTINE  CLEAR 

TO  COMPUTE  VOLUMES  FROM  HARVEST  BY  CLEARCUTTING. 
STATEMENTS  FOR  ADD  ARE  SPECIES-SPECIFIC. 

COMMON  8aTCH(3) ,FLAC1 ,FLAG2, IGAME. ITEST, lYEAR  C 

COMMON  AGEO.AGMRCH.ANBDFI  181  I, ANCUVI  1 8  I ) , BFMRCH.BFPCT ,BF SAL V.CF PC T  C 
I .COMBF.COMCU.CYCL.CYCNHI 3) , OBHO, DENO, DESCR ( 5  I ,OLE V ,G I OE , GNTR ,  C 
2KCIL(6)  .NGAME.NKOLS.NOYRS.NSP.PRIBDI  ISO  ) ,  PR  ICF  (  150  I  ,  REGNI  3  1  ,R  I  NT,  C 
3SITE .SPEC (5  1 ,SUMM(6,?5,10) ,TH1N,VLLV( 3).EXTCU 

COMMON  BA.BAST.BOFCI 180),BDFO( 18  0) ,CFMCI 180),CFH0( 160) .CUFT.OBHT. 
IDIAMdSO)  ,FCTR,HITE,  JCYCL,NAG0.PRET,PR0D,REST,R0TA,STAN0,V0M, 
2YSOM(180) 

COMMON  ACCST,ANUL,BFCST,CL0SS.CPLT,CSTAC,CSTVL,CTHN,CUCST,0EF0R, 
IFMRCHOdOl  ,GMNAM(3),  I  ACRE  (  180)  .  lALCUT,  IPLNT  ,  1  VAR  t  2f.,  1  50  )  , 
2JVAR(15.1S0).K0UNT,LAN0,LAST,M4LCUT(l0),M0L0,NACaS(lS0), 
3NACUN(180)  ,NONSTK,PRIDIVl  10).R4TF,RETRN,VAR(l<.,  150),YRL0S 

COMMON  AGE  OS ( 1000) , ACE UN  I  1000 ) , ANNE T , CUT AGE , GSV ALB .GSVALC ,GVL8F , 
IGVLCU.ISUHllS) ,IYRM,KACR,L0SS.MIX,MTHN,NSUM(18) , RE THV, RETTH, SCLOSS 
2,SCPLT,SCTHN,TC0ST,TRETI 1000) , VRMV , VCHV, VLBF , VLCU 


I4LCUT 


LAND)  GO  TO  10 

CUTAGE)  GO  TO  20 


KAI  =  0 

DO  I'.O  1  =  1, 

VBHV  =  0.0 

VCHV  =  0.0 

VL0F2  =  0.0 

VLCU2  =  0.0 

IFILAST  .LT 

LAST  =  0 
IP  LAST  =  LAST  ♦  1 

IF(AGEOS(LAST)  .GE 

LAST  =  LAST  -  1 

GO  TO  150 
20  M  =  AGEOSILAST) 

KAI  =  KAI  ♦  1 

K  =  M  ♦  1 

KOUNT  =  KOUNT  »  1 

ISAFE  =  LAND  ♦  1 

IFIKOUNT  ,GE.  ISAFE)  KOUNT  =  1 

COMPUTE  BO.  FT.  FROM  HARVEST  CUTS. 

1F(M  .LT.  MTHN)  GO  TO  30 

VLBF2  =  ANBDF(K)  ♦  BDFCIHI 

TEM  =  ANCUV(K)  +  CFMC(M) 

GO  TO  40 
30  VLBF2  =  ANBOKK) 

TEM  =  ANCUV(K) 
<,!  IF(VLRF2  .LT.  COMBF)  GO  TO  100 

VLBF  =  VLBF  ♦  VLBF2  - 

VBHV  =  VLBF2 

RETHV  -    RETHV  ♦  VBHV  •  PRIBDIIYRM) 

CU.  FT.  NOT  IN  SAWLOGS  INCLUDED  IN  CU.  FT.  CUT,  IF  COMMERCIAL. 

GO  TO  (50,55,601,  NSP 
50  ADO  =  VLBF2  *  (6l.7999<>  ♦  2677.97761  /  OIAM(M)  -  ^.OJ'i'iS  »  VLBF21 

GO  TO  90 
55  ADO  =  VLBF2  ♦  (209.3'.226  +  298.06217  /  OIAM(M)  -  0.54225  •  VLBF2) 

GO  TO  90 
60  CONTINUE 
90  VCHV  -    TEM  -  ADO 

IFIVCHV  .LT.  EXTCU)  GO  TO  130 

VLCU  =  VLCU  »  VCHV 

RFTHV  =  RETHV  ♦  VCHV  •  0.01  »  PRICFIIYRMI 

GO  TO  130 

COMPUTE  CU.  FT.  FROM  HARVEST  CUTS  IF  BD.  FT.  CUT  IS  NOnCDMMCRCI AL . 


100  IF(M  .LT.  MTHN)  GO  TO  110 

VLCU2  =  ANCUV(K)  ♦  CFMCIMI 

GO  TO  120 
110  VLCU2  =  ANCUVIKI 
I2C  IF(VLCU2  .LT.  COMCU )  GO  TO  140 

VLCU  -    VLCU  ♦  VLCU2 

VCHV  =  VLCU2 

RETHV  =  RETHV  ♦  VCHV  •  0.01  »  PRICF(IYRKI 
130  AGEOS(LAST)  =  0.0 
140  CONTINUE 
150  IFIKAI  .LT.  lALCUT)  lALCUT  -  KAI 

RETURN 

END 


SUBROUTINE  SHWD 

TO  COMPUTE  VOLUMES  FROM  HARVEST  BY  SEED  TREES  OR  SHELTERWQOD. 
STATEMENTS  FOR  ADD  ARE  SPECIES-SPECIFIC. 

COMMON  BATCH(3),FLAG1 ,FLAG2, IGAME, ITEST, I  YEAR 

COMMON  4GE0,AGMRCH,ANB0F( 181),ANCUV(181),BFMRCH,BFPCT,BFSALV,C 
1 , COMBF, COMCU, CYC L,CYCNH( 3), OBHO, DENO, DESCR( 5 ) , DLEV , G IDE ,GNTR , 
2K0L(6) ,NGAME,NKOLS,NnYRS,NSP,PRlBD( 1 50 ) , PR ICF ( 1 50) , REGNI 3  I ,RIN 
3SITE ,SPEC (5) ,SUMM(6,25,10) , TH IN, VLLV ( 3 ) , EXTCU 

COMMON  BA,BAST,B0FC(l80) ,BOFO( 180), CFMCI 180), CFMOI 1801, CUFT,DB 
101  AMI  180) , FCTR.H I TE, JCYCL, NAGO, PRET,PROD,RE ST,ROTA, STAND, VOM, 
2YSDM(180) 

COMMON  ACCST,ANUL,BFCST,CLOSS,CPlT,CSTAC,CSTVL,CTHN,CUCST,DEFO 
IFMRCHO(IO)  ,GMNAM(3), I  ACRE (180), lALCUT,  IPLNT,  I VAR ( 26, I  50) , 
2  J VAR (I  5, 150) ,KOuNT,LAND,LAST,MAlCUT(  10 ) , MOLD, NACOS ( 1801, 
3NACUN( 180) ,N0NSTK,PRI0IV( 10),RATE,RETRN,VAR(14,150),YRL0S 

COMMON  AGEOS( lOOO) , AGE  UNI lOOO) , ANNET, CUT  AGE , GSVALB,GSv ALC ,GVLB 
1GVLCU,ISUM(18) ,IYRM,KACR,LOSS,MIX,MTHN,NSUMI 18 ) .RETHV ,R ETTH, SC 
2,SCPLT.SCTHN,tC0ST,TRET( 1000  I, VBHV, VCHV, VLBF, VLCU 

JK  =  REGN(l)  ♦  1.0 

KJ  =  REGN(l) 

KAI  =  0 

INT  =  CYCNW(l)  ♦  CYCNW(2)  -  1.0 

MIX  =  MIX  ♦  I 

IFIMIX  .GT.  INT)  MIX  =  1 

MAKE  ALLOWABLE  CUT  OF  INITIAL  CUTTINGS  BY  SHELTERWOOO  OR  SEED 
SYSTEM. 

00  130  1=1, lALCUT 

ADD  =  0.0 

VBHV  =  0.0 

VCHV  =  0.0 

VLBF2  =  0.0 

VLCU2  =  0.0 

IFILAST  .LT.  LAND)  GO  TO  10 

LAST  =  0 
10  LAST  =  LAST  ♦  1 

IF(AGEDS(LAST)  . GE .  CUTAGE)  GO  TO  20 

LAST  =  LAST  -  1 

GO  TO  140 
20  M  =  AGEOS(LAST ) 

COMPUTE  6D.  FT.  FROM  INITIAL  HARVEST  CUTS. 

IFt AGEOS(LAST)  .GT.  REGN(l))  GO  TO  30 

VLBF2  =  BDFC(KJ) 

VLCU2  =  CFMC(KJ) 

GO  TO  40 
30  TEM  =  4GE0S(LAST)  -  REGN(l) 

IT  =  REGN(l)  *  TEM  ♦  1.0 

EXO  =  ANBDF(IT)  -  aNRDF(JK) 

VI  RF2    =    BDFCC  I)     ♦    Exn 

EXT    =    ANCUV(IT)     -    ANCUV(JK) 

VLCU2  =  CFMC(KJ)  ♦  EXT 
40  IF(VLPF2  .LT.  COMBF)  GO  TO  110 

VLBF  =  VLBF  ♦  VL8F2 

VBHV  =  VLBF2 

RETHV  =  RETHV  ♦  VPHV  •  PRIBDIlYRM) 

TRET(LAST)  =  1.0 

KAI  =  KAI  ♦  1 

CU.  FT.  NOT  IN  SAWLOGS  INCLUDED  IN  CU.  FT.  CUT,  IF  C0MMFRCI4L. 


IF(M  .GT.  KJ)  M  =  KJ 

GO  TO  (50,60,70),  NSP 
50  ADO  =  VLBF2  *  (61.79999  ♦  2677.97761  /  DIAM(M)  -  4.03445  •  VLB! 

GO  TO  100 
60  ADD  =  VLBF2  t  (209.34226  ♦  298.06217  /  DIAM(M)  -  0.54225  •  VLBf 

00  TO  100 
70  CONTINUE 
IOC  TEM  =  VLCU? 

VCHV  =  TEM  -  ADD 

IFIVCHV  .LT.  EXTCU)  GO  TO  130 

VLCU  =  VLCU  ♦  VCHV 

RETHV  =  KFTHV  ♦  VCHV  *  0.01  •  PRICFIIYRMI 

GO  TO  130 

CO-PUTE  CU.  FT.  FROM  HARVEST  CUTS  IF  BD.  FT.  CUT  IS  NONC 3MMERC I AL. 

110  IFIVLCU2  .LT.  CO>«CU)  GO  TO  130 

VLCU  =  VLCU  ♦  VLCU2 

VCHV  =  VLCU2 

RETHV    =    RETHV    ♦    VCHV    *    0.01    »    PRICFIIYRM) 

TRET(LAST)     =     1.0 

KAI  =  KAI  ♦  1 
130  CONTINUE 

ADD  VOLUME  AND  VALUE  OF  SECOND  CUT  OF  SHELTERWOOO  OR  SEED  TREES  TO 
APPROPRIATE  YEAR  TOTAL. 

140  K  =  REGN(2) 
KK  =  K  ♦  I 

TMPY  =  CYCNW( I)  ♦  1.0 
DO  230  1=1, LAND 

IF(TPET(I)  .NE.  TMPY)  50  TO  230 
ADD  =  0.0 
VBHV  =  0.0 
VCHV  =  0.0 
VLBF2  =  0.0 
VLCU2  =  0.0 
M  =  AGEOS(I) 


30 


IF(REGN(3)  .EO.  0.0)  GO  TO  150 
VLBF2  =  BDFCIK) 
VLCU2  =  CFf<C(K) 
GO  TO  160 
0  VLBF?  =  ANBOF(KK) 
VLCU2  =  ANCUVIKKI 

"IPUTE  HO.  FT.  FROM  SECnNO  CUTS. 


<ETUI<N 

3SP  C4LL  ARNG 

HE  TURN 


Subroutine   ARNG 


D  1F(VLPF2  .LT.  COMBF)  GO  TO  210 
VLBF  =  VLBF  t    VLBF2 
VBHV  =  VLBF2 
RETHV  =  RETHV  ♦  VBHV  *  PRIBO(IYRY) 

.  FT.  NOT  IN  SAWLOGS  I-^CLUOEO  IN  CU.  FT.  CUT,  IF  COMME=(CIAL. 

IF(M  .GT.  K)  M  =  K 

IF(M  .EQ.  0)  GO  TO  220 

IFIDlAflM)  .EO.  0.0)  GO  TO  220 

GO  TO  (170.175,180) ,  NSP 
3  ADD  =  VL6F2  •  (61.79<5<?T  ♦  2677.<)7761  /  DIAM(M)  -  A.Oli'.S  •  VLBF2} 

GO  TO  200 
5  ADD  =  VLBF2  •  120. 34225  ♦  298.06217  /  DIA^<(^")  -  0.5^,225  *  VLRF2) 

GO  TO  200 
D  CONTINUE 
D  TEM  =    VLCU2 

VCHV  =  TEM  -  ADD 

IFIVCHV  .LT.  EXTCU)  GO  TO  220 

VLCU  =  VLCU  ♦  VCHV 

REtHv  =  RETHV  *    VCHV  »  0.01  •  PRICF(IYRM) 

GO  TO  220 

^PUTE  CU.  FT.  IF  RD.  Ft.  VOLUME  NOT  COMMERCIAL. 

3  1F(VLCU2  .LT.  COMCU)  GO  TO  230 

VLCU  =  VLCU  ♦  VLCU2 
VCHV  =  VLCU2 

RETHV  =  RETHV  ♦  VCHV  •  0.01  ■•  PRICF(IYRM) 

»NGE  STAND  AGE  AND  STORY  DESIGNATION  TO  ^ATCH  CUT. 

D  IFIREGN(3)  .GT.  0.0)  CO  TO  230 

TRETI I )  =  0.0 

AGEOSI I )  =  AGEUNI I  I 

AGEUN(I)  =  0.0 
)  CONTINUE 

3  VOLUME  AND  VALUE  OF  THIRD  CUT  OF  SHELTERHOOD  TO  APPROPRIATE  YEAR 
TAL. 

IF(REGN(3)  .EQ.  0.0)  GO  TO  3'.0 

K  =  REGNO) 

KK  =  K  ♦  1 

TMPY  =  CYCNWIl)  ♦  CYCNW(2)  ♦  1.0 

DO  330  1=1, LAND 

IF(TRETII)  .LT.  TMPY)  GO  TO  330 

ADD  =  0.0 

VBHV  =  0.0 

VCHV  =  0.0 

VLBF2  =  0.0 

VLCU2  =  0.0 

M  =  AGEOSII) 

VLBF2  =  ANBDF(KK) 

VLCU2  =  ANCUV(KK) 

IPUTE  BD.  FT.  FROM  THIRD  CUTS. 

IFIVLBFZ  -LT.  COMBF)  GO  TO  310 

VLBF  =  VLBF  +  VL0F2 

VBHV  =  VLBF2 

RETHV  =  RETHV  ♦  VBHV  «  PRIBO(IYRM) 

FT.  NOT  IN  SAWLOGS  INCLUDED  IN  CU.  FT.  CUT,  IF  COMMERCIAL. 

IFIM  .GT.  K)  M  =  K 

IFIM  .EQ.  0)  GO  TO  320 

IFIDIAMIM)  .EO.  0.0)  GO  TO  320 

GO  TO  (270,275,280),  NSP 

ADD  =  VLBF2  »  (61.79999  ♦  2677.97751  /  DIAMIM)  -  i,.C3'.<.5  »  VLBF2) 

GO  TO  300 

ADD  =  VLBF2  *  (209. 3-^225  +  298.06217  /  OIAM(M)  -  0.5',225  »  VLBF2) 

GO  TO  300 
Ij  CONTINUE 
1]  TEM  =  VLCU2 

VCHV  =  TEM  -  ADD 
j  IFIVCHV  -LT.  EXTCU)  GO  TO  320 

VLCU  =  VLCU  ♦  VCHV 

RFTHV  =  KETHV  ♦  VCHV  •  0.01  »  PRICF(IYRM) 

Gn  TO  320 

.  PUTF    CU.     FT.     IF    BO.    FT.    VOLUME    NOT    COMMERCIAL. 


SUBROUTINE    ARNG 

TO    REARRANGE     ACRFS    FOP    SIMULATION    PERIODS    LONGER    THAN    REGENERATION 

PFRIOn. 

CP^IMON    «ATCH(5),FLAGl,FLAG2.IGAME.ITEST,IYEAR 

CriMMON    AOE0,AGMRCH,A-IR0Kiai),ANCUV(181),BFMRCH,BFPCT,BFSALV,CFPC 
1 ,CnMer,CnMCU,CYCL,CYrNW( 3 ) ,DBnn,PFN0,DFSCRI5) ,DLFV,GIDE,GNTR, 
2KnLI5)  ,NGAVC,NKOLS,NOYRS,NSP,PRIKni 150), PRICE! 1 50  I ,REGN ( 3 ) , R I  NT, 
3SITE,SPEC  (5)  ,SU>"M|  5,  ?5,  10)  ,THIN,VLLV(  3)  ,  EXTCU 

CLI^MON    f^A.OAST.BOFCl  mO)  ,BnFn|  180)  ,CFMC(  100),CFMO(  180  )  ,CUFT ,  DBHT, 
mi 1M( IRO) ,FCTR,HITF, JCYCL,NAGn,PBFT,OR0D,REST,R0TA,STAN0,VDM, 
2YSI)K(  180) 

COMMON    SCCST,6NUL,HFCST,CL0SS,CPLT,CSTAC,CSTVL,CTHN,CUCST,0EF0R, 
1F"RCMD(10),GMNAM(3),IACRE(180),IALCUT,IPLNT,1VAR|25,150), 
2JVAR(15,15fl),K(iUNT,LANO,LAST,MALCUT(10),r.nLD,NACOS(iaO), 
3"JACU-l(180),NnNSTK,PRIOIV(10),RATr,RETRN,VAR(l<,,150),YRLOS 

COMMON    AGEOSI  1000  ),Al,EUN(  1000), Ar;NET,CUTAGr.,GSVALe,r,SVALC,G  VLBF, 
l",VLCU,|SUM(18),lYRM,KACR,LnsS,MIX,MTHN,NSUM(lP),RETHV,RETTH,  SCLOS 
2, SCPLT,SCTHN,TC0ST,TRFT( 1000), VBHV, VCHV, VLBF, VLCU 

'IP    5     1  =  1  ,  ISO 
5    NACOSl I )     =    0 

PRESERVE  VALllFS  GF  TREK  I)  GREATER  THAN  ZERO. 

KU  =  0 

LAB  =  0 

DC  10  1=1 ,LANO 

LAB  =1-1 

ir(TRCTII)  .GT.  0.0)  GO  TO  15 
10  CCNTiNUE 
15  on  20  1  =  1,1  AND 

KU  =  KIJ  t  1 

KOX  =  LAB  ♦  1 

IF(Kl)X  .GT.  LAND)  GO  TO  25 

TRET ( I )  =  TRETIKOX ) 
20  CONTINUE 
Z^    DO  30  I=KII,LAND 
30  TRrT ( I )  =  0.0 

SUM  ACRES  BY  1-YCAR  ACE  CLASSES. 

DO  '(O  1=1  ,LANn 

ly    =  AGECSI  I  )  »  !  .0 

NACOSIL")  =  NACOSILM)  <■    1 
AO  CONTINUE 

DC  50  1=1 .LAND 

AGEOSI I )  =  0.0 

AGEUNI I )  =  0.0 
SO  CONTINUE 

CO^)V^RT  UVERSTORY  ACRES  IN  EACH  NACllS(l)  TO  INDIVIDUAL  ACRES. 
ASSIGM  UNOERSTORY  ACRES  TO  APPROPRIATE  OVERSTORY. 

JK  =  0 

DO    70    J=l ,100 
1F(JK    .GT.    LAND)     GO    TO    80 
IF(NAC0S(J1     .LC.     01     GO    TO    70 
KL    =    JK    +     1 
JK    =    JK    +    NACOS(J) 
DC    50    1  =  K,L,JK 
NAC    =    LAND    +1-1 
-    1 
LF.     I 


AGEllS(NAC)     = 

IF  ITkET I NAC) 

AGtUN(NAC)  =  TRET(NAC) 
50  CONTINUE 
70  CONTINUE 


GO  TO  60 
-  1.0 


CO^PUTC  INDEX  TO  LOCATE  NEXT  ACRE  FOR  INITIAL  HARVEST. 

eO  LAST  =  0 

00  90  1=1, LAND 

IF(TRET(I)  .tg.  O.C)  GO  TO  100 

LAST  =  LAST  t  1 
90  CONTINUE 
100  RETURN 

END 


Subroutine  SUMS 


IFIVLCU2  .LI.  COMCU)  GO  TO  330 

VLCU  =  VLCU  +  VLCU2 

VCHV  =  VLCU2 

RETHV  =  RETHV  ♦  VCHV  »  0.01  »  PRICF(IYRM) 

;i^GE  STAND  AGE  AND  STORY  DESIGNATION  TO  MATCH  CUT. 

TRETdl  =  0.0 

AGEOSd  )     =    AGEUNI  I  ) 

AGEUNI I )  =  0.0 

CONTINUE 

IFIKA!  .LT.  lALCUT)  I ALCUT  =  KAI 

IFIMIX  .GE.  INT)  GO  TO  350 
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SUPMOUTINE  SUNS 

TO  SUMMARIZE  RESULTS  OF  ANNUAL  CHANGES. 

CONTAINS  NO  STATFMENTS  TO  BE  MODIFIED  TO  ADAPT  TO  OTHER  SPFC 1 

COMMON  BATCH! 3) ,FLAGI,rLAG2,IGAMr,ITFST,IVEAR 
COMMON  AGEO, AGMRCH, ANBDFI iai),ANCUVI18  1),BrMRCH,BFPCr,HF 
1 ,CQMHF, COMCU. CYCL,CYCNW( 3 ) , DBHO. PENO, DE SCR  I  5 ) , OLE V ,G I DE , 
2K0LI6),NGlMfc,NKOLS.NnYRS,NSP.PRIHDI15O).PRlCF(150),RtGN( 
3SITF .SPEC (5)  , SUM" I  6, 25, 10),THIN,VLLV(3),EXTCU 

COVVON  BA.BAST.BOFCI 130),BDF0( 18C),CFHC( 180 ) ,CFMO( 1 80 ) ,C 
10  I  AM  180) ,FCTR,HITE,JCYCL,NACO,PRET, PROD. REST, ROTA. STAND 
2YS0M( 180) 


SALV.CFPC 

GNTR. 

3)  .RINT. 

UFT.OBHT. 
,VDM, 


COMMON  ACCST,ANUL,BFCSr,CLOSS.CPLT,CSTAC,CSTvL,CTHN,CUCST,DEFOR, 
IFM«CH0( 10) .GMNAM13) , I  ACRE  I  1801, lALCUT, IPLNT , 1 VAR I  26, 1 50) , 
2JVAR( 15,150I,K0UNT,LAND,LAST,MALCUT( 10 ) , MOLD,NAC0S ( 180) , 
3NACUN(l80l,NONSTK,PR10IV110),RATf,RETRN,VAR(l*,150),YRLOS 

COMMON  AGE  OS ( 1000)  .AGEUNt 1000 ), ANNET , CUT  AGE, GSVALB, GSVALC ,CVLBF , 
IGVLCU,  I  SUM <  18  )  ,1YRM,KACR,L0SS,MIX,MTHN,NSUM(  lB)',RETHV,RETTH,SCLOSS 
2.SCI>LT.SCTHN,TC0ST,TRET(  1000  )  ,  VBHV.VCHV,  VLBF  ,  VLCU 


COMPUTE  GROWING  STOCK  VOLUME. 
BFMRCH  BOARD  FEET. 


USE  CU.  FT.  IF  VOLUME  IS  LESS  THAN 


DO  SO  MU=1,2 

AMU  =  HU 

|F(AHU  .EO.  2.0  .AND.  REGN(2)  .EQ.  0.0)  GO  TO  60 

00  UO    1^1, LAND 

!F(AMU  .EQ.  2.0)  GO  TO  5 
IFIAGEOSd)  .LT.  AGMRCH)  GO  TO  «0 

1  AG  =  AGEOSI  I )  ♦  1.0 
IFIREGN(2)  .EO.  0.0)  GO  TO  10 
IF(AGEnS(I)  .lE.  REGN(l))  GO  TO  10 
TEM  =  AGEOS(I)  -  REGN(I)  ♦  1.0 

IFITRETd)  .LT.  TEM)  lAG  =  I  AG  -  (TEH  -  TRET(I)) 

GO  TO  10 
5  IF(AGEUN(I)  .LT.  AGMRCH)  GO  TO  AC 

I  AG  =  AGFUN( I)  *    1.0 
10  IBG  =  lAG  -  I 

IF(TRET( I )  .GT.  0.0)  GO  TO  IS 

IFdBG    .LT.    MTHN)    GO    TO    IS 

G6L1     =    ANPOF(IAG)     ♦    BDFC(IBG) 

IF(GBH     ,LT.     BFMRCH)    GO    TO    20 

GVLBF  =  GVLBF  ♦  GBLl 

on  TO  <iO 
15  GBLl  =  ANBOFtlAG) 

IF(G8L1  .LT.  BFMRCH)  GO  TO  20 

GVLBF  =  GVLBF  ♦  GBLl 

GO  TO  <iO 
?0  IFIIBG  .LT.  MTHN)  CO  TO  30 

GCLl  =  ANCUV(IAG)  ♦  CFMCIIBG) 

GVLCU  -    GVLCU  ♦  GCLl 

GO  TO  *0 
30  GCLl  =  ANCUV( lAG) 

GVLCU  =  GVLCU  ♦  GCLl 
<iC  CC>4TINUE 
50  CONTINUE 

PREPARE  FOR  NEW  TOTALS  AND  SUBTOTALS. 


60  no  70  K=l ,180 

NACCS(K)  =  0 
7C  NACUN(K)  »  0 

nn  80  1  =  1, 18 

I  SUM ( I  )  =  0 
80  NSUMCI)  =  0 

00  90  K=1,LAN0 

LM  =  AGEOSIK)  ♦  1.0 

NACOS(LM)  =  NACOS(LM)  ♦  1 

^'L  =  AGEUN(K)  ♦  1.0 

N4CUN(ML)  =  NACUN(ML)  ♦  1 
90  CONIIWUE 

COMPUTE  TOTAL  ACRFAGF  BY  10-YEAR  AGE  CLASSES. 

no  100  1=1,18 

on  100  j=i,io 

MS  =  10  •  t I  -  I)  ♦  J 

ISUM(I)  =  ISUM(I)  ♦  NACOS(NS) 

HSUM(I)  =  NSU«(I)  ♦  NACUN(NS) 
103  CONTINUE 


COMPUTE  VOLUMES  AND  VALUES  AT  END  OF  CURRENT  YEAR  FOR  USE  BY  ANUAL. 


SCTHN  ♦  SCLOSS 
►  BFCST  •VLBF 


RETRN  =  RETTH  ♦  RETHV 

CSTAC  =  LAND  »  ACCST  +  SCPLT  ( 

CSTVL    -    CUCST    »     (VLCU    *    0.01) 

TCnSI  =  CSTAC  ♦  CSTVL 

AN-|fcI  =  RETRN  -  TCOST 

GSVALB  =  GVLBF  »  IPRIBO(IYRM)  -  BFCST) 

r.SVALC  =  (GVLCU  •  0.01)  •  (PRICF(IYRH)  -  CUCSI) 

INCREASE  COSTS  ANNUALLY,  IF  DESIRED. 


ACCST  =  ACCSt 
BFCST  =  BFCST 
CLOSS  =  CLOSS 
CPLT  =  CPLT  * 
CTHN  =  CTHN  ♦ 
CUCST  =  CUCST 
RETURN 
END 


»  (ACCST  •  RATE) 

♦  (BFCST  •  RATE) 

♦  (CLOSS  •  RATE) 
(CPLT  »  PATE) 
(CTHN  »  RATE) 

♦  (CUCST  »  RATE) 


Subroutine   AMJAL 


101AM( IBO) , FCTR, HIT t.JCYCL.NAGO.PRET.PBOD.KE ST, ROTA, STAND, VOM, 
2YSDM(180) 

COMMON  ACCST, ANUL, BFCST, CLOSS, CPlT, CSTAC, CSTVL, CTHN, CUCST, DEFO 
IFMRCHD(IO) ,GMNAM(3). I ACrE(180), IALCUT, I PLNT , I VAR ( 26, ISO) , 
2JVAR(15,1S0) ,K0UNT,LAND,LAST,MALCUT( 10 ) , M0LD,NAC0S( 180), 
3NACUN(180) ,N0NSTK,PR!0IV( 10) , R AT E , RETRN, VAR ( 1*, 150),YRL0S 

COMMON  AGEOS( 1000) ,AGEUN( 1000  I , ANNET, CUT AGE, GSVALB , GSVALC ,GVLB 
IGVLCU. I  SUM ( 18) , IYRM,KACR,LOSS,MIX,MTHN,NSUM( 18) ,RE THV,RE T iH,  SC 
2, SCPLT, SCTHN, TCOST, TRET( 1000 ) ,VBHV,VCHV, VLBF , VLCU 

CONVERT  VOLUMES  AND  AREAS  TO  SUBSCRIPTED  VALUES  FOR  FUTURE  USE. 


K  = 

J  = 

I  VAR 

IVAR 

IVAR 

IBFT 

IVAR 

IVAR 

IVAR 

IVAR 

IVAR 

IVAR 

IVAR 

IVAR 

00  1 

N  = 

JVAR 

IVAR 

on  5 

JVAR 

IVAR 


lYEAR 
I  YEAR  ♦ 
(1 , J)  = 
(2, J)  = 
(I.JI  = 

=  VLBF 
(*,J)  = 
(5,JI  = 
(6, J)  = 
(7, J)  = 
18, J)  = 
(9, J)  = 
I  10,  J)  ■■ 
(11, J)  -■ 

1'1,1'i 
I  ♦  11 
(I.J)  = 
(N,J)  = 

1=15, If 
(15, J)  = 
(26, J)  = 


1 

IALCUT 
CUTAGE 
VLCU  ♦  0.5 
♦  0.5 

IVAR(<.,J)  » 
IVARIS.K)  ♦ 
IVAR(6,K)  ♦ 
GVLCU  ♦  0.5 
GVLBF  ♦  0.5 
IVAR(5,J)  ♦ 

IVAR(6,J)  < 

NONSTK 


NSUMd  I 
ISUMd  ) 


JVAR( 15, J) 
IVAR(26, J) 


IBFT 

IVAR( 3, Jl 
IVARCi,  J) 


IVAR(7,JI 
IVAR(8,J) 


NSUMd  ) 
ISUM( I) 


STORE  MONEY  VALUES  IN  ARRAYS  FOR  REMAINING  ROUTINES. 


VARd.J)  = 
VAR(2,J)  = 
VAR(3,J)  = 
VARC.J)  = 
VAR(5,J)  = 
VAR(6,J)  = 
VAR(7,J)  = 
VAR(8,J)  = 
VAR(9,J)  = 
VAR(10,J) 
VARdl  ,J) 
VAR( 12, J) 
VAK( 13, J) 
VARdiiJ) 
RETURN 
END 


PRICF( J) 
PRIBD( J) 
VAR(3,J)  » 
VAR(4,K)  ♦ 
CSTAC 

VAR(6,K)  ♦ 
VAR(7,J)  ♦ 
VAR(8,K)  ♦ 
VAR(5,J)  » 
=  VARdO.K) 
=  VAR( 3, J)  ■ 
=  VAR( 12, K) 


RETRN 
VAR(3,J) 

VAR(S.J) 
CSTVL 
VAR(7, J) 
VAR(7,J) 

♦  VAR(9,J) 
VAR(9, J) 

♦  VAR(  11,  J) 


GSVALC  ♦  GSVALB 
VAR(12,J)  ♦  VAR(13,J) 


Subroutine  REPRT2 


SU!<KOUTINE  ANUAL 

TO  STORE  ANNUAL  VALUES  FOR  PRINTING  LATER. 

CnNTAMS  NO  STATEMENTS  TO  BE  MODIFIED  TO  ADAPT  TO  OTHER  SPECIES. 

COMMON  bATCH(3) ,FLAG1 ,FLAG2, I  CAME, I TF ST,  I  YEAR 

CCMMON  AGEQ,»OHHCH,  A';BnF(  181  ),ANCUV(  IB  1 ),  BFMRCH,  BFPCT,eF  SALV,  CFPCT 
l,CUMaF,COMCU,CYCL,CYCNW( 3 ) , OBHO, OENO, OESCR ( 5 ) , DLEV,G lOE ,GNTR , 
2K  ■)L(6)  ,NGAME  ,NK0LS,N0YRS,NSP,PR1F0(  ISO  ) ,  PR  I  CF  (  150  )  ,REGN(  3  )  .R  I  NT  , 
3SI TE ,SPEC(5) ,SUMH(6,25, 10 ) , THIN, VLLVI 3),EXTCU 

COHMON  BA,BAST,BnFCdBO)  .  BDF0(  180  )  ,CFMC(  18C),CFM0(  1  80)  ,CUF  T  ,OBHT  , 


SUBROUTINE  REPRT2 

TO  REPORT  VALUES  COMPUTED  EACH  YEAR  OF  THE  SIMULATION. 

CONTAINS  NO  STATEMENTS  TO  RE  MODIFIED  TO  ADAPT  TO  OTHER  SPECIES. 

COMMON  BATCH! 3) ,FLAG1 ,FLAG2, IbAME,  I  TEST,  I  YEAR 

COMMON  AGEO,  AGMRCH,  AN  8DF(  19  1  ),  ANCUVI  I  81 )  ,  BFMRCH,  BFPC  T  ,  BE  SALV.Cf 
l,C0M8F,COMCU,CYCL,CYCNW(3),DBHO,DENQ,DESCR(S) ,DLEV,GIDE,GNTR. 
2K0L(6)  .NGAME , NKOLS ,NOYRS , NSP , PR  1 BD( 1 50 ) , PR  ICE ( 1 50 ) ,REGN(  3),RINI 
3SI TE.SPECIS) ,SUMM(6,25,10),THIN,VLLV( 3),EXTCU 

COMMON  BA,BAST,BOFC( ISC),BDF0( lflO),CFMCI180),CFMO(180),CUFT,DW 
IDIAMdRO)  ,FCTR,HITE,  JCYCL,NAGO,PRET,PROO,REST,ROTA,STAND,VOM, 
2YSnM(180) 

COMMON  ACCST, ANUL, BFCST, CLOSS, CPLT, CSTAC, CSTVL, CTHN, cue  ST, OEFOI 
IFMRCHOdO)  ,GMNAM(  3),  1ACRE(  180),  IALCUT,  I  PLNT,  I  VAR  (26, 1  50)  , 
2JVAR(15,150) , K nUNT, LAND, LAST, HA LCUT( 10),MnLD,NACOS(180), 
3NACUN(180),NnMSTK,PRIDIV(10),RATt,RETRN,VAR(lA,150),YRL0S 

COMMON  AGeOS(  1000)  ,Ar,EUN!  10 00  ),  ANNET,  CUTAGE  ,  GSVALB  , GSVALC  ,GVLBF 
IGVLCU,  ISUM(  13)  ,  1YRM,KACR,L0SS.MIX,MTHN,NSUM(  18)  ,  RE  THV  ,Rt  I  TH,  SCI 
2,  SCPLT,  SCTHN, TCOST, TRETd  00  0),VflHV,VCHV, VLBF, VLCU 

N  =  NOYRS  *    1 

on  ISO  MAC=1,5 

IFIMAC  .EO.  3  .AND.  REGNI2)  .EQ.  0.0)  GO  TO  180 

M  =  <.0 

DO  175  J=l ,N 

LINE  =  J  -  1 

IF(H  .LT.  'lO)  GO  Tn  1  10 

M  =  0 

WRITE  (6,11 
1  FORMAT  (  1H1,//,'.RX,11HPAGE  TYPE  5) 

WRITE  (6,2) 
?    FORMAT  dH0,3SX,36HSTATUS  OF  FOREST  AT  END  OF  EACH  YEAR) 

WRITE  (6,5)  IPATCHd  ),  1  =  1,3) 
S  FORMAT  (  IH  ,'.5X,  7HBATCH   ,3A8) 

WRITE  (6,10)  IT6ST 
10  FORMAT  (IH  ,4SX,4HTEST, 1*) 

WRITE  (6,15)  (CMNAMd  1  ,  1=1,31 
15  EHRMAT  (  IH  ,'<5X,6HGAME   ,3A8) 

WRITF  (6,201  (DESCRd  ).  1  =  1,5) 
20  FORMAT  ( IH  ,45X,SA«) 

WRITE  (6,251 
25  FORMAT  (IH  1 

GO  TU  (30,50,67,70.901.  MAC 

PRINT  FIRST  PAGE  OF  ANNUAL  RESULTS  ON  PAGE  TYPE  S. 


30  WRITE  (6,35) 
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I 


FORMAT     IIH    ,12X,9HALL0WABLE.5X,7HCUTTING.  ax.lOHACTUOL    CUr,10X,)HCU  ?  JVAIJ  (  1  5  , 1  iO)  ,  KOUNT  ,  L«ND,  LAST  ,  MALCU7  (  10  )  ,  MOLD,  NACOS  t  1  80  ) , 

IMUL    CUT,10X,<)HGRSTK    VOL  i  I  2X  ,9HT0TAL    VOL)  INACTI  t  180  I  ,Nn\STK  ,  PR  1  n  I V  (  10  )  ,  RATt ,  RETRN  ,  VAR  (  1«,  1  SO  )  ,  YR  LGS 

WRITE     (6,40)  COMMOfJ    ASf  IJS(  10001  ,  AGEUNI  luOUl.A.NFT.CUTAGr  .oSVALB.GSVALCGVlBF, 

FORMAT     (IH    ,2X,AHYEAR,9X,  3HCUT,  lOX,  3HAGE,  7X,  6HCU  .FT  . ,  5X  ,  3H»1BF  ,  6X,  b  1  GVLCU,  I  SU"  (  la  I  ,  I  YRf  ,K  »CR  ,  LOSS  ,  M  I  X  ,  MTHM  ,  NSUM  (  18),RETHV,RETTH,SCL0SS 

IHCU.FT.  ,5X,3HMBF,6X,6HCU.FT.,5X,3HMBF,6X,6HCU.FT.,5X,3HMRF  I  2,5CPLT.ScTHN,TCnST,T'<FT(1000),VBHV,VCHV,VLBF,VLCU 

WRITE     (6,A5I  C 

FORMAT     (IH    ,15X,3H(11.10X,3H12).8X.3HI31,7X,3H('.I,7X,3H|S),7X,3H(6  DIMENSION    CRATF(?0),niSC(20),DISGI2O),niSlt201,PREV(2O),PWTHI?0I.R 

ll,7X,3HI7l,7X,3H(8),7X,3H(9l,6X,'iHIHJ),//)  14TI0(20,1')0I 

r.O    TO    110  C 

ijn    1    1=1,20 

NT    SECOND    PAGE    OF    ANNUAL    RESULTS    OF    PAGE    TYPE    5.  CRATEfll     =    0.0 

DISC ( 1 )     =    0.0 

I    WRITE     16, 5S)  OISGd)     =    0.0 

i    FORMAT     (IH    ,UX,3HN0N,'.1X,22HACE    CLASSES,    OVERSTOBY)  OISI(I)     =    CO 

WRITE     (6,60)  PREV( I )     =    0.0 

1  FORMAT  (IH  ,2X,'<HyEAR,5X,3HSTK,  ll'.H    0-9   10-19   20-29   30-39  1,0  1  PWTH(I)  =  0.0 
1-A9   50-59   60-69   70-79   80-89   90-99   100-109   110-119   120-129  m  5  1=1,20 

2  130-139   l',0-179)  HO  S  J=l,150 
WRITE  (6,65)  ^  RATIU(I,J)  =  0.0 

i  FORMAT  (IH  ,10X,117H(  11  )    (12)   (13)    (l*.)    (15)    (16)    (17)  C 

1  (18)     (19)     (20)    (21)     (221       (23)      ( 2A I       (251  C  COMPUTE  A  SERIES  OF  ALTERNATIVE  RATES. 

2  126),//!  C 

GO  TO  110  CRATE ( 1 )  =  0.010 

no  10  1=1 ,19 

NT  THIRD  PAGE  OF  ANNUAL  RESULTS  OF  PAGE  TYPE  5.  K  =  I  *  1 

10  CRATt(K)  =  CRATE(I)  +  0.005 

WRI TE  (6,58)  C 

FORMATdH  ,llx,3HNON,'>0X,23HAGE  CLASSES,  UNDERSTORYl  C  COMPUTE  AN  INTEREST  TABLE  FOR  THE  PERIOD  NOYRS. 

WRITE  (6,601  C 

WRITE  (6,65)  00  15  J=l,20 

GO  TO  110  FACTR  =  l.O  +  CRATE(J) 

DO  15  K=l, NOYRS 

NT  FOURTH  PAGE  OF  ANNUAL  RESULTS  OF  PAGE  TYPE  5.  YRS  =  K 

PRPN  -    AL0G(FACTR1  •  YRS 

I  WRITE  (6,75)  RATia(J,K)  =  EXP(PRPN) 

FORMAT  (IH  ,18X,1<.HSTUMPAGE  PR  I  CE  ,  9X  ,  1  5HSTUMPAGE  I  NCOMC  ,  1  3X  ,  1  OHARE  15  CONTINUE 

lA  COSTS, 15X, 12HV0LUME  COSTS)  C 

WRITE  (6,80)  C  OISCGUNT  GROWING  STOCK  VALUE  AT  NOYRS. 

I  FORMAT  (IH  ,2X,<.HYEAR,9X,  lOHlOO  CU .  F  T  .,  5X  ,  3HMBF ,  6X  ,  6H  ANNUAL  ,  S  X  ,  9HC  C 

lUMULATED,6X,6HANNUAL,5X,9HCUMULATEn,6X,6HANNUAL, 5X,9HCUMULATED)  DO  20  L=l,20 

WRITE  16,851  KL  =  NOYRS  ♦  1 

FORMAT  (  IH  ,iaX,'iH(27),8X,',H(  281  ,6X,<,H(29),9X,AH(301  ,9X,<.H(31  )  ,9X,  DISGILl  =  VAR(13,KL)  /  R  AT  I  0  (  L  .NOYRS  ) 

14H(321  ,9X,'VH(33)  ,9X,<iH(34),//)  20  CONTINUE 

GO  TO  110  C 

C  niSCOUNT  ANNUAL  COSTS  AND  RETURNS. 

NT  FIFTH  PAGE  OF  ANNUAL  RESULTS  OF  PAGE  TYPE  5.  C 

DO  30  w=l,20 

I  WRITE  (6,951  PRESC  =  0.0 

■  FORMAT  (IH  ,18x, lOHTOTAL  COST , 17X , lOHNE T  I NCOME , 1 3X , 1 3HCURRENT  VAL  PRESI  =  0.0 

1UE,9X,5HT0TAL)  SPRSC  =  0.0 

WRITE  (6,100)  SPRSI  =  0.0 

I  FORMAT  IIH  ,2X,',HYEAR,8X,6HANNUAL,5X,9HCUMULATED,7X,6HANNUAL,5X,9H  DO  25  N  =  l, NOYRS 

1CUMULATED,7X, 13HGR0WING  STOCK , 7X , 9HNE T  WORTH)  I  =  N  ♦  1 

WRITE  16,105)  PRESC  =  VAR(9,I)  /  RATIO(M,N) 

FORMAT  (IH  ,  15X,',H(  35)  ,9X,'.HI  36  )  ,  10X,4H(  371  ,9X,',H(  38  1  ,  13X,'tH(  391  ,1  PRFSI  =  VAR(3,I)  /  RATIO(M,N) 

l4X,<,tl(40),//)  SPRSC  =  SPRSC  ♦  PRESC 

SPRSI  =  SPRSI  +  PRESI 

TE  BODY  OF  EACH  TABLE.  25  CONTINUE 

DISI IM)  =  SPRSI 

GO  TO  (115,125.133,  135, l<,5),  MAC  LMSC(M1  =  SPRSC 

WRITE  (6,1201  LINE, ( IVARI I, Jl , 1=1, 10)  30  CONTINUE 

FORMAT  (IH  , 16,1 12,1 13, I  12, I9,3(  ( 1 1. loi 1  C 

GO  TO  160  C  COMPUTE  PRFSENT  WORTH  AT  EACH  RATE. 

WRITE  (6,130)  LINE, ( IVARI 1, J) , 1=11,261  C 

FORMAT  (IH  ,  16,217,  16,817,  18,^.191  DO  3')  1J=1,20 

GO  TO  160  PREV(IJ)  =  DISI(IJ)  ♦  DISGIIJl 

WRITE  (5,1301  LINE,IVAR( 11, J) , ( JVAR( (, J) , 1=1, 15)  PWTHIIJl  =  PREVIIJI  -  DISCIIJ)  -  VAR(13,11 

GO  TO  150  CRATE(IJ1  =  CRATE(IJ)  »  100.0 

WRITE  (6, 140)  LINE, (VAR( I,J), 1=1,8)  35  CONTINUE 

FORMAT  (IH  , 16,F15.2,F11.2,F12.0,F11.0,2I F15.0,F11.01  1  C 

GO  TO  160  C  SUMMARIZE  COMPUTATIONS  ON  PAGE  TYPE  5. 

WRITE  (6,150)  LINE,  (VAR(  I  ,J  ),  1=9,  1/,)  C 

FORMAT  (IH  ,  l6,Fl<,.0,F12.0,F15.0,F12.0,2Fie.O)  WRITE  (6,<.01 

IF(J  .LE.  1)  GO  TO  155  40  FORMAT  1 1 H 1 , / / , 62X , I  1 HPAGE  TYPE  6/ IHO , 52X , 29HPRE SENT  WORTH  AND  RAT 

M  =  M  ♦  1  IF  EARNED) 

IFILL  .LT.  10)  GO  TO  170  WRITE  (6,45)  ( RATCH( I ) , I = 1 , 3 ) 

WRITE  (6,25)  45  FORMAT  (IN  ,52X,7HBATCH   ,3AB) 

I  LL  =  0  WRI Tt  (6,50)  ITFST 

i|  LL  =  LL  ♦  1  50  FORMAT  (  IH  ,  52X  ,4HTES  T  ,  1 4  ) 

IjCONTINUE  WRITE  (6,55)  (  GMNAM  {  I  )  ,  I  =  1 ,  3  I 

EJCONTINUE  55  FORMAT  (  IH  ,52X,6HGA"E   ,3AR1 

:RETURN  WRITE  (6,601  ( DESCP ( I  1 . I = 1 , 5 1 

END  60  FORMAT  (IH  ,'>2X,5A«I 

WRITE  (6,651  NOYRS 
65  FORMAT  (IH  , 52X , 15HYE ARS  IN  PER InD, I  5 , // ) 
WRITE  ib,T^)     VAR(13,11 

tOUtine  WORTH  75  format  (1H  ,11X,33HVALUE  of  initial  growing  ST0CK--t,F10.2,//) 

;  WRITE  (6,80) 

'SUBROUTINE  WORTH  30  FORMAT  ( IH  , S7X , 3RHVALUES  DISCOUNTED  TO  PRESENT  (DniLARS),/) 

J  WRITE  (6,901 

cloMPUTE  PRESENT  VALUES  AND  RATES  EARNED.  "^O  FORMAT  (IH  ,  1 1  X  ,  SmCOMPOUND,  14X  ,  6HFUTUR  E,  34X  ,  5HST0CK  ,  36X,  3HNE  T  1 

CAINS  NO  STATEMENTS  TO  BE  MODIFIED  TO  ADAPT  TO  OTHER  SPECIES.  WRITE  (5,100) 

I  100  FORMAT  ( IH  , 13X,4HRATE, 15X,7HGROWING, 15X, SHALL, 17X,4HPLUS,16X,3HAL 

I  COMMON  BATCH(3),FLAG1,FLAG2, I  GAME, I  TEST, I  YEAR  IL , ! 5X , 7HPRE SE NT  1 

^COmMDN  AGE0,AGMRCH,ANBDF( 1811, ANCUVI 1811, BFMRCH,BFPCT,BFSALV,CFPCT  write  (5,1101 

, COM BE ,C0MCU,CYCL,CYCNW( 31 , DBHO, DENO, DESCR ( 5 ) , DL EV , GI DE ,GNTR,  110  FORMAT  (IH  ,llX,9H(PERCtNTl,13X,5HST0CK,14X,7H I NC0MES,13X,7H  INCOME 

KQL(6)  ,NGAME ,NKOLS , NOYR S , NS P , PR  I BHI  150  ), PRICE! 1501,REGN( 3),RINT,  1 S , 14X , 5HC0ST S, 15X, 5HW0RTH, / ) 

SITE,SPEC(51  ,SUMM(6,2'),  10),TH1N,VLLV(  31  ,EXTCU  DO  130  1=1,20 

!  COMMON  BA,BAST,BDFC( 1 80 ) , BDFOI 180 ) ,CFMC ( 180),CFM0( 1  BO ) ,CUFT ,OBHT ,  WRITE  (6,1201  CR ATE ( I  1 , 0  I SG (  1  1 , 0  I S 1  I  I  I  , PR Fv I  I  1 , D I SC (  I  1 , PWTH I  I  ) 

iDIAMdSO)  ,FCTR,H|TE,  JCYCL,NAGO,PRET, PROD, REST, ROTA, STAND,  VOM,  120  FORMAT  (IH  ,  1  2X  ,  F5  .  1 ,  12x  ,  5(  F  10  .  2,  lOX  1  ,  /  1 

YSDM(180I  130  CONT INuE 

COMMON  ACCST,ANUL,8FCST,CL0SS,CPLT,CSTAC,CSTVL,CTHN,CUCST,DEF0R,  RETURN 

FMRCHDI 10) ,&MNAH(3) .lACREI 1801 ,1 ALCUT, IPLNT,IVAR(26, 15ol ,  END 


33 


Subroutine  SUMRY 


SUBROUTINE    SUMRY 

TO    PRINT    SPECIFIED    COLUMNS    OF    PAGE    TYPE    5    AS    SUMMARY    OF    RESULTS. 
CONTAINS    NO    STATEMENTS    TO    BE    MODIFIED    TO    ADAPT    TO    OTHER    SPECIES. 


COMMON    BATCH(3),FLAGltFLAG2,IGAME. I  TEST, I  YEAR 

COMMON    AGEO.AGMRCH.ANeOFdSn.ANCUVl  18  1 1  ,  BFMRCH,  BFPCT  ,  BF  SALV.CFPCT 
1  ,C0MBF,C0MCU,CYCL,CYCNHO),0BH0.0EN0,0ESCR(  5  )  ,  DLEV,  G  IDE  ,GNTR  , 
2K0LI6) ,NGAME,NKOLS,NnYRS.NSP,PRIDD( 150 ) . PR ICF ( 1 50) ,RECN ( 3 ) .Rl NT , 
3SITE.SPEC(5) ,SUMM(5,25, 1 0 ) , TH I N, VLLV I  3 ) ,EXTCU 

COHMUN    BA,BAST,BOFC( IB0),B0F0( ISO) ,CFMC(  I80),CFM0(  180  I ,CUFT ,DBHT, 
101  AH (ISO) ,FCTR,HITE. JCyCL,NAGO.PKET,PROD,REST,ROTA,STANO,VDM, 
2YS1)M(1B0) 

CCMMON  ACCST, anul,bfcst,closs,cplt,cstac,cstvl,cthn,cucst,defor, 

IFMRChOIIO) .&MNAM(3) , I  ACRE  I  180 ) , I ALCUT , I PLNT , I VAR ( 26, 150 ) , 
2JVAR(15,150)  , KOUNT, LAND, LAST, HAL  CUT (  10 ) , MOL D, NACOS (  180), 
3NACUN(ieO) ,NONSTK,PRIOIVI 10 ) .RATE , RE TRN, VAR ( 1 4, 1 56 ) , YRLOS 

COMMON    AGEOSI 1000) ,AGEUN( 1000) , ANNET, CUTAGE , GSVALB , CSVALC .GVLBF , 
1GVLCU,|SUM(18» ,IYRH,KACR,L0SS,MIX,MTHN,NSUH118),RETHV,RETTH,SCL0SS 
2,SCPLT,SCTHN,TCOST,TRET(1000),VBHV,VCHV,VLBF,VLCU 

CONVERT     IVARd.JI    AND    VARII.J)     TO    SUHH(I,J,K)     AT    END    OF    EACH    GAHE  . 

LIM    =    10    ♦    NOYRS    /     10 

DO    20    I=1,NK0LS 

no    20    J=1,LIH 

K    =    KOLd  ) 

IF( J    .GT.     10)    GO    TO    5 

JJ    =    J    ♦    I 

GO    TO    10 
5    JJ    =    10    »     IJ    -    10)     ♦    1 
10    IF(K    .GT.     26)    GO    TO    15 

SUMMt I,J, IGAHE)    =     IVARtK.JJ) 

GO    TO    20 
15    K    =    K    -    26 

SUMMII . J, IGAMEl  =  VARIK,JJ) 
20  CONTINUE 

WRITE  SUMMARY  TABLES  ON  PAGE  TYPE  7  WHEN  ALL  GAMES  ARE  FINISHED. 


IFIIGAME  .LT.  NGAMEI  GO  TO  150 

WRITE  PAGE  HEADINGS  WITH  SEPARATE  PAGE  FOR  EACH  COLUMN  OF  REPRT2 
IDENTIFIED  IN  BASISl. 

on  120  I=1,NK0LS 

WRITE  16,30) 
30  FORMAT  (lHl,//,5'iX,llHPAGE  TYPE  7/ IHO, '.5X  ,  26HC0MPAR  I  SON  OF  ALTER 
ITIVES) 

WRITE  (6,351  (BATCH(N),N=1,3) 
35  FORHAT  (IH  ,'.5X ,  7HBATCH   ,3A8) 

WRITE  (6,'.0)  ITEST 
1,0    FORMAT  (IH  ,'.5X,'iHTEST,  I<.) 

WRITE  (6, '.5)  (DESCR(N)  ,N=1,5) 
45  FORHAT  (  IH  ,<,5X,5A8I 

K  =  KOL( 1 ) 

WRITE  (6,50)  K 
50  FORHAT  (IH  ,45X , 8HC0LUMN   ,13,///) 

WRITE  (6,60) 
60  FORMAT  (IH  ,  5X,'.HYE  AR ,  5X ,  6HGAME  1,6X,6HGAME  2,6X,6HGAME  3,6X,6HG 
IE  '>,6X,6H&AME  5,6X,6HGAHE  6,6X,6HGAME  7,6X,6HGAME  8,6X,6HGAME  9, 
2,7H&AME  10,//) 

H  =  0 

WRITE  SUHH(I,J,KI  FOR  EACH  OF  FIRST  10  YEARS  AND  FOR  END  EACH  DECADE 

DO  120  J=l,25 
IF(J  .GT.  10)  GO  TO  70 
JJ  =  J 
GO  TO  80 
70  JJ  =  10  •  (J  -  10) 
80  IF(M  .LT.  5)  GO  TO  100 

WRITE  (6, TO) 
90  FORMAT  ( IH  ,// ) 
M  =  0 
100  WRITc  (6,110)  JJ, (SUMM( I, J,L ) ,L=1 , 10) 
110  FORMAT  (IH  , I  9 , F 1 1 .0,9F1 2 .0 ) 
120  M  =  H  ♦  1 
150  RETURN 
END 
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Appendix   2:     Output  of  MANGD2 


P4GF  TYPE  1 
YIELDS  PER  ACRE  OF  MANAGED,  EVEN-AGED  STANDS  OF  "LSCK  HILLS  PONDEROSA  PINE 
SITE  INDEX   70,   20-YfcAR  CUTTMG  CYCLE 
THINNING  LEVELS=  INITIAL  -   120.,  SUBSEQUENT  -   100. 


ENTIRE  STAND  BEFORE  AND  AFTER  THINNING 


PERIODIC  INTERMEDIATE  CUTS 


STAND 

BASAL 

AVERAGE 

AVERAGE 

TOTAL 

MERCHANT- 

SAWTIMHER 

HASAL 

AGE 

TREES 

AREA 

D.B.H. 

HEIGHT 

VOLUME 

ABLE  VOLUME 

VOLU^F 

TREES 

AREA 

(YEARS) 

NO. 

SO. FT. 

IN. 

FT. 

CU.FT. 

CU.FT. 

MBF 

NO. 

SO. FT 

30. 

9S0 

ll") 

<..B 

2"; 

1198 

309. 

n.noo 

?0. 

^6  3 

79 

5.6 

26 

61,9 

309. 

0.000 

'.87 

-.O 

TOTAL    MERCHANT- 
VOLUME   ABLE  VOLUME 


SAWT IMBER 
VOLUME 
MBF 


50. 
50. 


<.',9 
251 


13'. 
92 


7.', 
8.2 


2<i08 
1701 


ISAB. 
I'.'i3. 


.900 

.900 


70. 

246 

13<. 

10.0 

58 

3200 

2964. 

7.630 

70. 

160 

100 

10.7 

59 

?'.56 

2294. 

6.810 

80. 

160 

117 

11.6 

6'. 

3230 

3033. 

11.880 

90. 

160 

13'. 

12. A 

69 

4017 

3786. 

15. 120 

90. 

105 

100 

13.2 

70 

3030 

2867. 

12.010 

100. 

105 

115 

I'.. 2 

7'. 

37'.7 

3558. 

16.080 

110. 

105 

131 

15.  1 

7R 

'.'.68 

4255. 

20.410 

lie. 

32 

<.9 

16.8 

80 

173'. 

1659. 

8.40U 

120. 

32 

58 

18.3 

83 

2148 

2063. 

11.170 

130. 

32 

68 

19.7 

86 

2581 

2485. 

14.210 

130. 

10 

25 

21.3 

87 

964 

931. 

5.530 

THIS  TABLE  SHOWS  VALUES  FOR  SEED  TREE  OR  SHELTERWOOO  CUTTING  WITH  TIMING  AND  AMOUNTS  SPECIFIED  PREVIOUSLY. 
HERCH.  CU.  FT.  -  TREES  6.0  INCHES  D.B.H.  AND  LARGER  TO  4-INCH  TOP. 
BD.  FT.  -  TREES  10.0  INCHES  D.B.H.  AND  LARGER  TO  B-INCH  TOP. 

PAGE  TYPE  2 

GROWING  STOCK  OF  MANAGED  BLACK  HILLS  PONDCROSA  PINE 

SITE  INDEX   70.,   20. -YEAR  CUTTING  CYCLE 

DENSITY  LEVEL-  120.  AND  100. 

VOLUMES  PRESENT  PER  ACRE  AT  END  OF  EACH  YEAR 
MERCHANTABLE  CUBIC  FEET 


DECADE 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

0.0 

0 

0 

0.0 

0.0 

1 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

0.0 

0 

0 

0.0 

0.0 

2 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

0.0 

0 

0 

0.0 

0.0 

3 

309.0 

376.2 

443.4 

510.6 

577.8 

645 

0 

712.2 

779 

4 

846.6 

913.8 

4 

981.0 

1067.7 

1154.4 

1241. 1 

1327.8 

1414 

5 

1501.2 

1587 

9 

1674.6 

1761.3 

5 

1443.0 

1517.9 

1592.8 

1667.7 

1742.6 

1817 

5 

1692.4 

1967 

3 

2042.2 

2117.1 

6 

2192.0 

2269.2 

2346.4 

2423.6 

2500.8 

2578 

0 

2655.2 

2732 

4 

2809.6 

2886.8 

7 

2294.0 

2367.9 

2441.8 

2515.7 

2589.6 

2663 

5 

2737.4 

2811 

3 

2885.2 

2959.1 

8 

3033.0 

3108.3 

3183.6 

3258.9 

3334.2 

3409 

5 

3484.8 

3560 

1 

3635.4 

3710.7 

9 

2867.0 

2936.  1 

3005.2 

3074.3 

3143.4 

3212 

5 

3281.6 

3350 

7 

3419.8 

3488.9 

10 

3558.0 

3627.7 

3697.4 

3767.1 

3336.8 

39C6 

5 

3976.2 

4045 

9 

4115.6 

4185.3 

11 

1659.0 

1699.4 

1739.8 

1780.2 

1820.6 

1861 

0 

1901.4 

1941 

8 

1982.2 

2022.6 

12 

2063.0 

2105.2 

2147.4 

2189.6 

2231.8 

2274 

0 

2316.2 

2358 

4 

2400.6 

2442.8 

13 

931.0 

953.0 

975.0 

997.0 

1019.0 

1041 

0 

1063.0 

1095 

0 

1107.0 

1129.0 

14 

1151.0 

THOUSANDS  OF  BOARD  FEFT 


0 

0.000 

0.000 

0 

000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1 

0.000 

0.000 

0 

000 

0.000 

0.000 

0.000 

0.000 

n.ooo 

0.000 

0.000 

2 

0.000 

0.000 

0 

000 

0.000 

n.ooo 

0.000 

0.000 

0.000 

0.000 

0.000 

3 

0.000 

0.000 

0 

000 

o.noo 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

4 

0.000 

.090 

180 

.270 

.360 

.450 

.540 

.630 

.720 

.810 

5 

.900 

1.186 

1 

472 

1  .758 

2.044 

2.330 

2.616 

2.902 

3.188 

3.474 

6 

3.760 

4.147 

4 

534 

4.921 

5.308 

5.695 

6.082 

6.469 

6.R56 

7.243 

7 

6.810 

7.317 

7 

824 

P. 331 

8.838 

9.345 

9.852 

10.359 

10.866 

11.373 

S 

11.880 

12.204 

12 

528 

12.852 

13. 176 

13.500 

13.824 

14. 1 48 

14.472 

14.796 

9 

12.010 

12.417 

12 

824 

13.231 

13.638 

14.045 

14.452 

14.859 

15.266 

15.673 

10 

16.080 

16.513 

16 

946 

17.379 

17.812 

18.245 

18.678 

19.111 

19.544 

19.977 

11 

8.400 

8.677 

8 

954 

9.231 

9.508 

9.785 

10.062 

10.339 

10.616 

10.893 

12 

11.170 

11.474 

11 

778 

12.082 

12.386 

12.610 

12.994 

13.299 

13.602 

13.905 

13 

5.530 

5.703 

5 

876 

6.049 

6.222 

6.  395 

6.558 

6.741 

6.914 

7.067 

14 

7.260 
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PAGE  TYPE  3 

ALTERNATIVFS  FOR  THIS  GAME 

BATCH   SHELTFRWOOO  TEST 

TEST    1 

GAME   EQUAL  AREAS  CUT  ANNUALLY 

MANAGED.  THINNED  AT  AGE  JO. 


NUMBER  OF  YEARS  PER  GAME   30 


CRITICAL  PRICES 
ALLOWABLE  CUT 
MINIMUM  CUTTING  AGE 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

ACRES  IN  WORKING  CIRCLE  885 

MINIMUM  VALUES  FOR  INCLUSION  IN  TOTALS 

AGE.  FOR  GROWING  STOCK  40. 

M  BD.  FT.,  FOR  GROWING  STOCK  1.5 

CU.  FT.,  FOP  COMMERCIAL  CUT  300. 

M  80.  FT..  FOR  COMMERCIAL  CUT  1.5 

M  BD.  FT.,  FOR  SALVAGE  1.5 

CU.  FT.  IN  SAW  LOG  CUT  100. 


COSTS  IN  FIRST  YEAR  OF  GAME 

PER  ACRE  lANNUALI  .20 

PER  100  CU.  FT.  HARVESTED  .05 

PFR  M  BO.  FT.  1.56 

THIN  ONE  ACRE  25.00 

PLANT  ONE  ACRE  30.00 

CLEANUP  OF  ONE  ACRE  25.00 

RATE  OF  INCREASE  IN  COSTS  .01 


ACRES  PLANTED  ANNUALLY 
PFRCENT  OF  ACRES  LOST  ANNUALLY 


PSEUDORANDOM  NUMBER  GENERATOR 


21.0 
2222.0 


RELATIVE  VALUF  OF  INTERMEDIATE  CUTS 

STUMPAGE  PRICE,  CU.  FT.         1.00 
STUMPAGE  PRICE,  BO.  FT.         .85 


PAGE  TYPE  4 

DISTRIBUTION  OF  OVERSTORY  ACRES  BY  AGF 
BATCH   SHELTERWOOD  TEST 
TEST    1 

GAME   EQUAL  AREAS  CUT  ANNUALLY 
MANAGED,  THINNED  AT  AGE  30. 
YEAR  WITHIN  GAME    0 


AGEIOECADE) 


0 

I 

2 

3 

t, 

5 

6 

7 

8 

9 

10 

11 

12 

13 

l<> 

IS 

16 

17 


B 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

B 

8 

8 

8 

8 

8 

8 

a 

8 

R 

9 

8 

8 

8 

8 

8 

a 

8 

8 

R 

B 

B 

8 

8 

8 

8 

8 

3 

P 

8 

B 

8 

8 

8 

8 

8 

8 

8 

fl 

8 

n 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

0 

0 

0 

0 
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AGG( DECADE ) 


AGE(DECADE) 


fAGC  TYPE  '. 

DISTRIBUTION  OF  UNDERSTORY  ACRES  BY  A(,F 
BATCH   SHFLTTRWOOD  TEST 
TEST    1 

GAME   EQUAL  ARCAS  CUT  ANNUALLY 
MANAGED,  THINNED  AT  AGF  10. 
YEAR  WITHIN  GAME    U 


AGE(YEAR ) 


0  653  BsaepanBS  725 

1  fl888BRBn88  80 

2  8888888888  80 

3  OOOOOOOCOO  0 

4  0000000000  0 

5  0000000000  0 

6  0000000000  0 

7  0000000000  0 

8  0000000000  0 

9  0000000000  0 
10  OOOOOOOOOO  0 
H  OOOOOOOOOO  0 

12  OOOOOOOOOO  0 

13  OOOOOOOOOO  0 
1*  OOOOOOOOOO  0 

15  OOOOOOOOOO  0 

16  OOOOOOOOOO  0 

17  OOOOOOOOOO  0 


PAGE  TYPE  A 


DISTRIBUTION  OF  OVERSTGRY  ACRES  BY  AGE 
BATCH   SHELTERHOOD  TEST 
TEST    I 

GAME   EQUAL  AREAS  CUT  ANNUALLY 
MANAGED.  THINNED  AT  AGE  30. 
YEAR  WITHIN  GAME   30 


AGE! YEAR) 

't                     5 

6 

7 

8 

9 

I                     0 

0 

1 

0 

0 

0  1 

1  I 

0 
1 

0 

1 

1 
1 

0 

I 

8                       B 

8 

ft 

8 

3 

0  OIOOIOOIOO  3 

1  1001010010  4 

2  OlOOllllll  7 

3  <)8888B8ft83  81 

4  8888888888  80 

5  8888838888  80 

6  8888388888  80 

7  8888888688  78 

8  8888888888  80 

9  8877888888  78 

10  8888888877  78 

11  8888888888  80 

12  8888778883  78 

13  8683888888  78 

14  OOOOOOOOOO  0 

15  OOOOOOOOOO  0 

16  OOOOOOOOOO  0 

17  00000000000 
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PAGE  TYPE  4 

DISTRIBUTION  OF  UNOERSTORY  ACRES  BY  AGE 
BATCH   SHELTERWOOO  TEST 
TEST    I 

CAME   EQUAL  AREAS  CUT  ANNUALLY 
MANAGED,  THINNED  AT  AGE  30. 
YEAR  WITHIN  GAME   30 


0  664  7a87SB788  733 

1  7887868878  75 

2  87887887.88  77 

3  0000000000  0 
I,  0000000000  0 

5  0000000000  0 

6  0000000000  0 

7  0000000000  0 

8  0000000000  0 

9  0000000000  0 

10  0000000000  0 

11  0000000000  0 

12  0000000000  0 

13  OOOCOOOOOO  0 

14  0000000000  0 

15  0000000000  0 

16  0000000000  0 

17  0000000000  0 


PACE  TYPE  5 

STATUS  OF  FOREST  AT  END  OF  EACH  YEAR 
BATCH   SHELTCRKOOn  TEST 
TEST    1 

GAME   EOUAL  ARFAS  CUT  ANNUALLY 
MANAGED,  THINNED  AT  AGE  30. 

ALLOWABLE  CUTTING  ACTUAL  CUT            CUMUL  CUT            GRSTK  VOL              TOTAL  VOL 

YEAR           CUT  AGE  CU.FT.  MBF        CU.FT.  MBF        CU.FT.       MBF        CU.FT.       MBF 

(1)  (2)  (3)  141         15)  161         (71         (8)         191        110) 

0  C  0  0  0            0  0  146122 

1  8  no  12179  248        12179  248  146122 

2  8  110  12179  24R        24358  496  146122 

3  7  110  11873  254        36731  750  146122 

4  8  110  12180  249        48411  999  146122 

5  8  110  12180  249       60591  1248  146122 

6  7  110  11974  256        72465  1504  146122 

7  8  110  12181  249  84646  1753  146122 
a  8  110  12181  249  96827  2C02  146122 
9             7  110  11876  251  10«703  2253  146122 

10  B  no  12180  249  120883  2502  146122 

11  B  110  12180  249  133063  2751  146122 

12  7  no  11874  242  144937  2993  146122 

13  8  110  12181  249  157118  3242  146122 
1*             B  no  12181  249  169299  3491  146122 

15  7  "no  11876  257  191175  3748  145122 

16  8  no  12183  249  193358  3997  146122 

17  7  no  11876  242  205234  4239  146122 

18  8  110  12183  249  217417  4489  146122 

19  8  no  12183  249  229600  4737  146122 

20  7  110  11877  244  241477  4981  146122 

21  8  no  12184  250  253661  5231  145122 

22  fl  no  12194  250  265845  5481  145122 

23  7  no  10397  240  275242  5721  146122 
2*             8  :iO  12185  250  288427  5971  146122 

25  8  no  12185  250  300612  6221  146122 

26  7  no  11739  244  312350  6465  146122 

27  S  no  12187  247  324537  6712  146122 
2B             8  no  12187  247  335724  6959  146122 

29  7  no  11739  249  348463  7208  145122 

30  8  no  12188  250  350551  7458  146122 


7210 

146122 

7210 

7210 

158301 

7458 

7210 

170480 

7706 

72  04 

182353 

7954 

7204 

194533 

8203 

7203 

206713 

8451 

7195 

218587 

8699 

7194 

230768 

8947 

7192 

242949 

9194 

7189 

254825 

9442 

7187 

257005 

9689 

7186 

279185 

9937 

7191 

291059 

10184 

7189 

303240 

10431 

7187 

315421 

10678 

7177 

327297 

10925 

7175 

339480 

11172 

7179 

351356 

11418 

7176 

363539 

11664 

7173 

375722 

11910 

7176 

397599 

12157 

7172 

399783 

12403 

7169 

411967 

12650 

7177 

422354 

12998 

7173 

434549 

13144 

7168 

446734 

13389 

7170 

458472 

13635 

7168 

470659 

13880 

7157 

482846 

14126 

7163 

494585 

14371 

7157 

506773 

14615 
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PAGE  TYPE  5 


STATUS  OF  FOREST  AT  END  OF  EACH  YEAR 
BATCH   SHELTERWOOO  TEST 
TEST    1 

GAME   EQUAL  AREAS  CUT  ANNUALLY 
MANAGED,  THINNED  AT  AGE  30. 


NoN 

STK 

0-9 

10-19 

20-29 

30-39 

<iO-'.9 

(11) 

(12) 

(13) 

(I'.) 

1  15) 

(  16) 

ACf  CLASSES,  OVERSTQRY 
50-59   60-69   70-79   80-89   90-99   100-109   110-119   120-129   130-139   1'.0-179 
117)    (18)     (19)     (20)     121)      (ZZ)  (23)       (24)       (25)       (26) 


1 

4 

5 

0 

0 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

0 

2 

3 

5 

0 

0 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

0 

3 

3 

6 

0 

0 

80 

80 

80 

80 

80 

80 

80 

79 

80 

80 

80 

0 

4 

2 

6 

0 

0 

80 

80 

80 

80 

80 

80 

80 

79 

80 

80 

80 

0 

5 

1 

6 

0 

0 

80 

80 

80 

80 

80 

80 

80 

79 

80 

80 

80 

0 

6 

1 

7 

0 

0 

80 

80 

80 

80 

80 

80 

80 

78 

30 

80 

80 

0 

7 

0 

7 

0 

0 

80 

80 

80 

80 

80 

80 

80 

78 

80 

80 

80 

0 

S 

0 

7 

0 

0 

80 

SO 

80 

80 

80 

80 

80 

78 

80 

80 

80 

0 

9 

1 

8 

0 

0 

80 

no 

80 

80 

80 

79 

80 

80 

78 

80 

80 

0 

10 

0 

7 

1 

0 

80 

80 

80 

80 

80 

79 

80 

80 

78 

80 

80 

0 

11 

0 

6 

2 

0 

80 

80 

80 

80 

80 

79 

80 

80 

78 

80 

80 

0 

12 

1 

6 

3 

0 

80 

80 

80 

80 

79 

80 

79 

80 

78 

80 

80 

0 

13 

0 

5 

4 

0 

80 

80 

80 

80 

79 

80 

79 

80 

78 

80 

80 

0 

14 

0 

t, 

5 

0 

80 

BO 

80 

80 

79 

80 

79 

80 

78 

80 

80 

0 

15 

1 

', 

6 

0 

80 

80 

80 

80 

79 

80 

79 

79 

78 

80 

80 

0 

16 

0 

3 

7 

0 

80 

80 

80 

80 

79 

80 

79 

80 

77 

80 

80 

0 

17 

1 

'1 

7 

0 

80 

80 

80 

79 

79 

80 

79 

80 

77 

80 

80 

0 

18 

0 

4 

7 

0 

80 

80 

80 

79 

80 

79 

79 

80 

77 

80 

80 

0 

19 

0 

3 

R 

0 

80 

80 

80 

79 

80 

79 

79 

80 

79 

78 

80 

0 

ZO 

1 

', 

7 

1 

80 

80 

80 

78 

80 

79 

79 

80 

79 

78 

80 

0 

21 

0 

i, 

6 

2 

80 

80 

80 

78 

80 

79 

79 

80 

79 

78 

80 

0 

22 

0 

3 

6 

3 

80 

80 

80 

78 

80 

79 

80 

79 

79 

78 

80 

0 

23 

1 

<• 

5 

4 

80 

80 

SO 

80 

78 

79 

80 

79 

78 

78 

80 

0 

2* 

0 

<. 

"V 

5 

80 

80 

80 

80 

78 

79 

80 

79 

78 

78 

80 

0 

25 

0 

3 

'> 

6 

80 

80 

80 

80 

78 

79 

80 

79 

79 

77 

80 

0 

26 

1 

4 

3 

7 

80 

80 

80 

80 

78 

78 

80 

79 

SO 

76 

80 

0 

27 

0 

3 

4 

7 

80 

80 

80 

80 

78 

79 

79 

79 

80 

76 

80 

0 

28 

0 

3 

'. 

7 

80 

80 

80 

80 

78 

80 

78 

79 

80 

76 

80 

0 

29 

1 

4 

3 

8 

80 

80 

80 

80 

78 

80 

73 

78 

80 

78 

78 

0 

30 

0 

3 

<» 

7 

81 

80 

80 

80 

78 

80 

78 

78 

80 

78 

78 

0 

PAGE  TYPE  5 


NON 

STK    0-9   10-19 
(11 )     (12)    (13) 


STATUS  OF  FOREST  AT  END  OF  EACH  YEAR 
BATCH   SHELTERWOOO  TEST 
TEST    1 

GAME   EQUAL  AREAS  CUT  ANNUALLY 
MANAGED,  THINNED  AT  AGE  30. 

AGE  CLASSES,  UNOERSTORY 
20-29   30-39   '.0-A9   50-59   60-69   70-79   80-89   90-99   100-109   110-119   120-129   130-139   1<.0-179 
(1*)    (15)     (16)    (17)    (18)     (19)     (20)     (21)      tZ2)  (23)       (24)       (25)       (26) 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 

23 
24 
25 
26 
27 
28 
29 
30 


4 

725 

80 

3 

725 

80 

3 

725 

80 

2 

725 

80 

725 

80 

725 

80 

725 

80 

725 

80 

725 

80 

725 

80 

725 

80 

725 

80 

726 

79 

726 

79 

726 

79 

727 

78 

727 

78 

727 

78 

728 

77 

728 

77 

728 

77 

729 

76 

729 

77 

729 

77 

731 

75 

731 

76 

732 

75 

732 

75 

732 

76 

C 

733 

75 

80 
80 
80 
80 
80 
80 
80 
80 
80 
80 

80 
80 
80 
80 
80 
80 
80 
80 
80 
80 

80 
80 
79 
79 
79 
78 
78 
78 


39 


PAGE  IVPE  5 

STATUS  OF  FOREST  AT  END  OF  EACH  YEAR 
BATCH   SMELTERWOOD  TEST 
TEST    I 

GAME   EQUAL  AREAS  CUT  ANNUALLY 
MANAGED,  THINNED  AT  AGE  30. 


stukpage  Price 

100  CU.FT.       MBF 
(27)  (281 


STUMPAGE  INCOME 

ANNUAL      CUMULATED 

(29)  (301 


AREA  COSTS 
ANNUAL      CUMULATED 
(31)  (32) 


VOLUME  COSTS 
ANNUAL      CUMULATED 
(33)  (3*) 


1 
2 
3 

<> 

6 
7 
8 
9 

10 

U 
12 
13 
1<. 
15 
16 
17 
18 
19 
20 

21 
22 
23 
2* 
25 
26 
27 
28 
29 
30 


2.50 

15.20 

'.025. 

-^025 

2.50 

17.80 

'.661. 

8686 

2.50 

16.80 

'.'^Al. 

ni'.T 

2.50 

13.<.0 

3588. 

16735 

2.50 

I*. 10 

3759. 

20'i9'. 

2.50 

17. *0 

'i63*. 

25128 

2.50 

11.80 

3199. 

28327 

2.50 

11.10 

3027. 

3135'. 

2.50 

12.20 

3290. 

3464'. 

2.50 

12.90 

3'i65. 

38110 

2.50 

10.10 

2779. 

40989 

2.50 

8.30 

2271. 

43160 

2. 50 

9.00 

2512. 

45672 

2.50 

10.90 

2978. 

4S651 

2.50 

13.90 

3776. 

52426 

2.50 

13.10 

3522. 

55948 

2.50 

11.90 

3127. 

59075 

2.50 

12.70 

3«23. 

62498 

2.50 

15.70 

lilbO. 

66658 

2.50 

13.60 

3548. 

70207 

2.50 

12.10 

3279. 

734R6, 

2.50 

15.20 

'.0'i2. 

77528 

2.50 

16.10 

'.030. 

81558 

2.50 

16.70 

'.415. 

85973 

2.50 

19.60 

5129. 

91102, 

2.5C 

18.50 

'^697. 

95799 

2.50 

I*. 70 

3888. 

996B7 

2.50 

15.50 

iioai. 

103770, 

2.5C 

17.10 

'^'.37. 

108207, 

2.50 

13.00 

3512. 

111719, 

407. 

407 

411. 

818 

415. 

1233 

419. 

1653, 

424. 

2076, 

428. 

2504, 

432. 

2936, 

404. 

3340, 

408. 

3748, 

445. 

4193, 

416. 

4610, 

421. 

5031, 

459. 

5489, 

429. 

5918, 

433. 

6352, 

473. 

6824, 

442. 

7265, 

482. 

7748, 

451. 

8199, 

455. 

8655, 

497. 

9151, 

465. 

9616, 

469. 

10085, 

512. 

10597, 

479. 

11075, 

483. 

U559, 

527. 

12085, 

493. 

12579, 

498. 

13077, 

577. 

13554, 

394. 

394, 

398. 

791, 

411. 

1202 

4  05. 

1608 

410. 

2018 

425. 

2444 

419. 

2863 

423. 

3286, 

431. 

3717, 

431. 

4148 

435. 

4583, 

429. 

5012, 

445. 

5456 

449. 

5905, 

468. 

5373, 

459. 

6832, 

450. 

7282, 

458. 

7750, 

472. 

8222, 

467. 

8589, 

483. 

9171, 

487. 

9559, 

472. 

10130, 

498. 

10528, 

503. 

11131, 

496. 

11526, 

507. 

12133. 

512. 

1254S, 

521. 

13165, 

529. 

13595. 

PAGE  TYPE  5 

STATUS  OF  FOREST  AT  END  OF  EACH  YEAR 
PATCH   SHELTCRWOOD  TEST 
TEST    1 

GAME   EQUAL  AREAS  CUT  ANNUALLY 
MANAGED,  THINNED  AT  AGE  30. 


TOTAL  CUST 
ANNUAL      CUMULATED 
(35)  (36) 


NET  INCOME 
ANMUftL      CUMULATED 
(371  (38) 


CURRENT  VALUE 

GROWING  STOCK 

(39) 


TOTAL 

NET  WORTH 

(40) 


96878. 


95878. 


1 

eoi. 

•   801 

2 

809. 

1509 

3 

876. 

2435 

4 

825. 

3261 

5 

834. 

4094 

6 

853. 

4948 

7 

851. 

5799 

8 

827. 

6526 

9 

839. 

7465 

10 

875. 

8341 

11 

852. 

9193 

12 

849. 

10042, 

13 

903. 

10945 

14 

878. 

11824 

15 

901. 

12725 

16 

931. 

13655 

17 

892. 

14548 

18 

950. 

15498 

19 

923. 

16421, 

20 

922. 

17343 

21 

979. 

18323 

22 

952. 

19275, 

23 

941. 

20215, 

24 

1009. 

212->5 

25 

981. 

22206 

26 

979. 

23185, 

27 

1034. 

74219 

29 

1005. 

25225 

29 

1019. 

26244, 

30 

1105. 

27350, 

3224. 

3224 

3852. 

7076 

3635. 

lOTU 

2752. 

13474 

2926. 

I640C 

3730. 

7018C 

2348. 

22528 

2200. 

2472S 

2451. 

27179 

2589. 

29758 

1927. 

31596 

1422. 

33118 

1609. 

34727 

2100. 

35827 

2875. 

39702 

2591. 

42292 

2234. 

44527 

2474. 

47000 

3237. 

50237 

2626. 

52863 

2300. 

55163 

3090. 

58253 

3090. 

61343 

3406. 

64748 

4147. 

68895 

3718. 

72514 

2054. 

75467 

3078. 

78545, 

3418. 

81963 

2406. 

84  3  59 

101925. 
120557. 
113145. 

88527. 

93444. 
115972. 

76547. 

71378. 

79131. 

84028. 

63770. 
50744. 
55637, 
69151. 
90464. 
84551. 
75855. 
81443. 
102798. 
87531. 

75695. 

98745. 
105173. 
109277. 
129861. 
121359. 

9444R. 
100013. 
111275. 

81599. 


105149. 
127534. 
123865. 
102001. 
109843. 
137152. 

99075. 

96107. 
106310. 
113796. 

95456. 

83862. 

90364. 
105978. 
130165. 
126953. 
120391. 
128443. 
153035. 
140494. 

131859. 
156998. 
165516. 
L74025. 
198757. 
194473. 
159915. 
178558. 
193238. 
166068. 
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PAGE  TYPE  5 

PRESENT  WnRTH  AND  RATE  EARNED 

BATCH   SHELTERWOOO  TEST 

TEST    1 

GAME   EQUAL  AREAS  CUT  ANNUALLY 

MANAGED,  THINNED  AT  AGE  30. 

YEARS  IN  PERIOD    30 


VALUE  OF  INITIAL  GROWING  STOCK — t 


COMPOUND 

RATE 
(PERCENT) 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

'i.O 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 

9.0 

9.5 
10.0 
10.5 


FUTURE 

GROWING 

STOCK 

60614.17 

52267.79 

45103.50 

38949.28 

33658.80 

29107.50 

25189.25 

21813.57 

18903.25 

16392.36 

14224.58 

12351.71 

10732.53 

9331.71 

8119.00 

7068.43 

6157.73 

5367.74 

4682.04 

4086.46 


96877.59 

VALUES 

DISCOUNTED  TO  PRESENT 
STOCK 

(DOLLARSI 

ALL 

PLUS 

ALL 

INCOMES 

INCOMES 

COSTS 

95822.44 

156436.61 

23367.41 

89061.09 

141328.88 

21671.91 

82970.09 

128073.59 

20143.59 

77472.88 

116422.16 

18763.50 

72502.45 

106161.26 

17515.01 

68000.03 

97107.53 

16383.54 

63914.01 

89103.26 

15356.29 

60199.03 

82012.60 

14421.98 

56815.16 

75718.41 

13570.71 

53727.21 

70119.57 

12793.71 

50904.11 

65128.69 

12083.26 

48318.42 

60670.13 

11432.53 

45945.87 

56678.40 

10835.45 

43764.95 

53096.67 

10286.67 

41756.58 

49875.58 

9781.43 

39903.81 

46972.24 

9315.48 

38191.57 

44349.30 

8885.06 

36606.46 

41974.20 

8486.81 

35136.49 

39818.53 

81 17.72 

33771.00 

37857.46 

7775.12 

NET 

PRESENT 

WORTH 

36191.62 

22779.39 

11052.40 

781.07 

-8231.34 

-16153.59 

-23130.51 

-29286.97 

-34729.89 

-39551.73 

-43832. 16 

-47639.98 

-51034.63 

-54067.59 

-56783.43 

-59220.82 

-51413.34 

-63390.19 

-65175.78 

-66795.25 


PAGE  TYPE  3 

ALTERNATIVES  FOR  THIS  GAME 
BATCH   SHELTERWOOD  TEST 
TEST    1 

GAME   VARY  CUT  WITH  PRICE 
MANAGED.  THINNED  AT  AGE  30. 


NUMBER  OF  YEARS  PER  GAME   30 


CRITICAL  PRICES 
ALLOWABLE  CUT 
MINIMUM  CUTTING  AGE 


99.00 

0.00 

0.00 

12 

0 

0 

110. 

0. 

0. 

0.00 
0 


0.00 

0 

0. 


ACRES  IN  WORKING  CIRCLE  885 

MINIMUM  VALUES  FOR  INCLUSIC^I  IN  TOTALS 

AGE,  FOR  GROWING  STOCK  40. 

M  BD.  FT.,  FOR  GROWING  STOCK  1.5 

CU.  FT.,  FOP  COMMERCIAL  CUT  300. 

M  Bo.  FT.,  FOR  COMMERCIAL  CUT  1.5 

M  BD.  FT.,  FOR  SALVAGE  1.5 

CU.  FT.  IN  SAW  LOG  CUT  100. 


COSTS  IN  FIRST  YEAR  OF  GAME 

PER  ACRE  (ANNUAL)  .20 

PER  100  CU.  FT.  HARVESTED  .05 

PER  M  BD.  FT.  1.56 

THIN  ONE  ACRE  25.00 

PLANT  ONE  ACRE  30.00 

CLEANUP  OF  ONE  ACRE  25.00 

RATE  OF  INCREASE  IN  COSTS  .01 


ACRES  PLANTED  ANNUALLY 

PERCENT  or  ACRES  LOST  ANNUALLY 


PSEUDORANDOM  NUMBER  GENERATOR 


21.0 
2222.0 


RELATIVE    VALUE    OF     INTERMEDIATE    CUTS 

STUMPAGE    "RICE,    CU.    FT.  1.00 

STUMPAGE    PRICE,    BD.    FT.  .85 
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PAGC  TYPE  <. 

DISTRIBUTION  OF  OVERSTORY  ACRES  BY  AGE 
BATCH   SHELTERWOnO  TEST 
TEST    I 

GAME   VARY  CUT  WITH  PRICE 
MANAGED,  THINNEO  AT  AGE  30. 
YEAR  WITHIN  GAME    0 
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PAGE  TYPE  <> 

DISTRIBUTION  OF  UNDERSTORY  ACRES  BY  AGE 
BATCH   SHELTERWOOD  TEST 
TEST    I 

GAME   VARY  CUT  WITH  PRICE 
MANAGED,  THINNED  AT  AGE  30. 
YEAR  WITHIN  GAME    0 
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0 
0 
0 
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0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

13 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

IS 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

16 

0 
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0 

0 

0 

0 

0 
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0 

17 
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0 

0 

0 

0 

0 

0 

0 

0 

42 


AGE (DECADE) 


AGE (DECADE  t 


PACE  TYPE  4 

DISTRIBUTION  OF  OVERSTORV  ACRES  PY  AGE 
BATCH   SHELTERWOOD  TEST 
TEST    1 

GAME   VARY  CUT  WITH  PRICE 
MANAGED,  THINNED  AT  AGE  30. 
YEAR  WITHIN  GAME   30 


AGE( YEAR ) 


0  0100100100  3 

1  1001010010  « 

2  0100111111  7 

3  9888888888  81 

4  8888888988  80 

5  8888888883  80 

6  8B8S888888  80 

7  8888888688  78 

8  8888888888  80 

9  8877888888  78 

10  8888888877  78 

11  8888888888  80 

12  8888778888  78 

13  8688888838  78 
1«  0000000000  0 

15  00000000000 

16  0000000000  0 

17  0000000000  0 


PAGE  TYPE  4 

DISTRIBUTION  Of  UNOERSTORY  ACRES  BY  AGE 
BATCH   SHELTERWOOD  TEST 
TEST    1 

GAME   VARY  CUT  WITH  PRICE 
MANAGED,  THINNED  AT  AGE  30. 
YEAR  WITHIN  GAME   30 


0  657  8        9        8       11       12       12       11       12        8  7<.8 

1  7  12        83875545  64 

2  8755888888  73 

3  0000000000  0 
*  0000000000  0 

5  0000000000  0 

6  0000000000  0 

7  0000000000  0 

8  0000000000  0 

9  oooooooooo  0 

10  oooooooooo  0 

11  oooooooooo  0 

12  oooooooooo  0 

13  oooooooooo  0 

14  oooooooooo  0 

15  oooooooooo  0 

16  oooooooooo  0 

17  oooooooooo  0 
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P*GE  TYPE  5 

ST4TUS  OF  FOREST  AT  END  OF  E4CII  YEAR 
BATCH   SHELTCRWOOn  TEST 
TEST    I 

CAKE   VARY  CUT  WITH  PRICF 
MANACEO,  THINNED  AT  AGE  30. 


ALLOWABLE 

CUTTING 

ACTUAL 

CUT 

CUT 

AGE 

CU.FT. 

MBF 

111 

(2) 

H) 

C) 

CUMUL  CUT 

CU.FT.       MBF 

151         161 


GKSTK  VOL 
CU.FT.       MBF 
171         (81 


TOTAL  VOL 

CU.FT.       MBF 

(91        110) 


U 
12 
13 
1* 
15 
16 
17 
IS 
l"? 
20 

21 
22 
23 
2<i 
25 
26 
27 
28 
29 
30 


8 
12 


3 
12 
U 
12 
12 
11 


110 
110 
110 
110 

110 

no 
no 
no 

110 

no 

no 
no 
no 
no 
no 
no 
no 

110 

no 
no 

no 
no 
no 
no 
no 
no 
no 
no 
no 
no 


12179 
12179 
12179 
12179 
12179 
12179 
11262 
11265 
118BI 
12185 

11268 
10961 
11276 
11278 
11901 
12212 
10976 
12222 
13*56 
11901 

12212 
13A<,6 
11784 
13<.25 
U'.l? 
13101 
11755 
12061 
12037 
12179 


0 

0 

0 

146122 

7210 

146122 

7210 

248 

12179 

248 

146122 

7210 

158301 

7458 

248 

24358 

4  96 

146122 

7210 

170480 

7705 

266 

36537 

762 

146122 

7192 

182559 

7954 

248 

48716 

1010 

145122 

7192 

194838 

8202 

248 

60895 

1258 

146122 

7191 

207017 

8449 

268 

73074 

1526 

146122 

7172 

219196 

8698 

212 

84336 

1738 

146122 

7207 

230458 

894S 

213 

95601 

1951 

146122 

7241 

241723 

9192 

252 

107482 

2203 

146122 

7237 

253504 

9440 

250 

119667 

2453 

146122 

7234 

255789 

9587 

214 

130935 

2657 

146122 

7268 

277057 

9935 

207 

141896 

2874 

145122 

7306 

288018 

10  1 80 

215 

153172 

3089 

146122 

7336 

299294 

10425 

215 

164450 

3304 

145122 

7365 

310572 

10559 

261 

176351 

3565 

146122 

7350 

322473 

10915 

254 

188563 

3819 

146122 

7343 

334585 

11152 

209 

199539 

4028 

146122 

7377 

345561 

11405 

255 

211761 

4283 

145122 

7369 

357883 

11652 

305 

225217 

4588 

145122 

7315 

371339 

11903 

247 

237118 

4835 

145122 

7313 

383240 

12148 

254 

249330 

5089 

145122 

7305 

395452 

12394 

304 

262776 

5393 

146122 

7251 

408898 

12544 

300 

274560 

5693 

146122 

7200 

420682 

12893 

301 

287985 

5994 

146122 

7148 

434107 

13142 

299 

301397 

6293 

146122 

7094 

447519 

13387 

300 

31449B 

6593 

145122 

7038 

460520 

13631 

220 

326253 

6813 

145122 

7054 

472375 

13877 

232 

338314 

7045 

145122 

7077 

484436 

14122 

259 

350351 

7304 

146122 

7053 

495473 

14367 

248 

362530 

7552 

146122 

7059 

508652 

14611 

PAGE  TYPE  5 


NQN 

STK 
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10-19 

20-29 

30-39 

40-49 
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(12) 

(13) 

(14) 

(15) 

(16  1 

FOREST  AT  END  OF  EACH  YEAR 
BATCH   SHELTERWOOD  TEST 
TEST    1 

GAME   VARY  CUT  WITH  PftlCF 
MANAGED,  THINNED  AT  AGE  30. 

AGE  CLASSES,  OVERSTORY 
50-59   60-69   70-79   80-89 
(17)    (18)     (19)    I  20) 
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(21) 


100-109 
(22) 
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PAGF  TYPE  5 


NON 

STK 

(111 


STATUS  OF  FOREST  AT  END  OF  EACH  YEAR 
BATCH   SHELTtRWOOD  TEST 
TEST    1 

GAME   VARY  CUT  WITH  PRICE 
MANAGEO,  THINNED  AT  AGE  30. 

AGE  CLASSES.  UNDERSTORY 
0-9   10-19   20-29   30-39   '.0-'.9   50-59   60-69   70-79   80-89   90-99   100-109   110-119   120-129   130-139   1*0-179 
(121    (13)     ll*)     (151     (16)     (17)     (18)     (19)     (20)     (21)      (22)       (23)       (2'.)       (25)       (261 
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17 
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20 
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23 
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25 
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29 
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80 
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77 
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74 

0 
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73 

1 
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73 

0 
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70 

0 

739 

66 

1 

742 

63 

0 

745 

60 

0 

746 

59 

1 

746 

59 

0 

751 

57 

0 

751 

60 

1 

747 

65 

0 

748 

64 

80 
80 
80 
80 
80 
80 
80 
80 
80 
80 

80 
80 
80 
80 

no 
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80 
80 
80 
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80 
80 
80 
80 
77 
74 
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PAGE  TYPE  5 

STATUS  OF  FOREST  AT  END  OF  EACH  YEAR 
BATCH   SHELTtRWOOD  TEST 
TEST    1 

CAME   VARY  CUT  WITH  PR(CE 
MAMAGED,  THINNED  AT  AGF  30. 


STUMPAGE  PRICE 
100  CU.FT.       MBF 
(27)  (28) 


STUMPAGE  INCOME  AREA  COSTS 

ANNUAL       CUMULATED       ANNUAL       CUMULATED 
(29)  130)  (31)  (32) 


VOLUME  COSTS 
ANNUAL      CUMULATED 
(33)  (34) 


1 
2 
3 

5 
6 

7 

8 

9 

10 

11 
12 
13 

lA 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 


2.50 

15.20 

4025. 

4025. 

2.50 

17.80 

4661. 

8686. 

2.50 

16.80 

4671. 

13356. 

2.50 

13.40 

3584. 

16940. 

2.50 

14.10 

3755. 

20696. 

2.50 

17.40 

4846. 

25541. 

2.50 

11.80 

2744. 

23286. 

2.50 

11.10 

2608. 

30893. 

2.50 

12.20 

3303. 

34197. 

2.50 

12.90 

3480. 

37677. 

2.50 

10.10 

2404. 

40080. 

2.50 

8.30 

1956. 

42037. 

2.50 

9.00 

2183. 

44220. 

2.50 

10.90 

2587. 

46807. 

2.50 

13.90 

3330. 

50637. 

2.50 

13.10 

3580. 

54217. 

2.50 

11.90 

2705. 

56923. 

2.50 

12.70 

3495. 

60417. 

2.50 

15.70 

5064. 

65481. 

2.50 

13.60 

3598. 

69079. 

2.50 

12.10 

3330. 

72409. 

2.50 

15.20 

4896. 

77305. 

2.50 

16.10 

5041. 

82346. 

2.50 

16.70 

5299. 

87645. 

2.50 

19.60 

6117. 

93762. 

2.50 

18.50 

5775. 

99538. 

2.50 

14.70 

3474. 

103012. 

2.50 

15.50 

3841. 

106353. 

2.50 

17.10 

4622. 

1 11474. 

2.50 

13.00 

3486. 

114961. 

«07. 

407 

4-11. 

818 

415- 

1233 

419. 

1653 

424. 

2076 

428. 

2504 

432. 

2936 

404. 

3340 

408. 

3748 

445. 

4193 

416. 

4610 

421. 

5031 

459. 

5489 

429. 

5918 

433. 

6352 

473. 

6824 

442. 

7266 

482. 

7748 

451. 

8199 

455. 

8655 

497. 

9151 

465. 

9616 

469. 

10085 

512. 

10597 

479. 

11075 

483. 

11559 

527. 

12086 

493. 

12579 

498. 

13C77 

394. 

394 

398. 

791 

430. 

1221 

406. 

1627 

410. 

2037 

445. 

2482 

358. 

2840 

363. 

3202 

433. 

3635 

433. 

4068 

375. 

4443 

367. 

4810 

384. 

5194 

389. 

5582 

475. 

6057 

467. 

6524 

388. 

6912 

478. 

7390 

577. 

7967 

473. 

8440 

490. 

8931 

592. 

9523 

590. 

10113 

599. 

10712 

600. 

11312 

609. 

11921 

451. 

12373 

481. 

12853 

543. 

13396 

525. 

13921 

45 


P4CE  TYPE  5 

SI4TUS  OF  FORfcST  AT  6N0  OF  EACH  YEAR 
BATCH   SHELTERWOnO  TEST 
TEST    I 

r.AME   VARY  CUT  WITH  PRICE 
MANAOED,  THINNED  AT  AGE  30. 

TOTAL  COST  NET  INCOME  CURRENT  VALUE  TOTAL 

ANNUAL      CUMULATED        ANNUAL      CUMULATED        GROWING  STOCK  NFT  WORTH 
(3SI           1361            (371           (381               (39)  CO) 

0.  0.  0.  0.  96878.  96878. 

101925.  I0S1'.9. 

120557.  12763'.. 

112962.  123B6<.. 

R83B8.  1020'.9. 

93301.  109a8<.. 

116607.  137163. 

76683.  99193. 

718*2.  96193. 

79636.  106'.50. 

8455'..  113969. 

6*'i56.  95*8'.. 

51*93.  83690. 

56696.  90233. 

70769.  106076. 

92552.  130780. 

86*59.  127328. 

77863.  120607. 

83539.  128818. 

10*755.  15*070. 

89233.  1*1217. 

780*7.  13237*. 

99832.  157998. 

105508.  167656. 

108907.  1752**. 

1285*8.  19992*. 

119690.  1957*7. 

93120.  171673. 

98806.  180226. 

109771.  19*772. 

80629.  168015. 


PRESENT  WORTH  AND  RATE  EARNED 
BATCH   SHELTERWOOD  TEST 
TEST    1 

GAME   VARY  CUT  WITH  PRICE 
MANAGED,  THINNED  AT  AGE  30. 
YFARS  IN  PERIOD    30 


1 

801. 

801. 

322*. 

322*. 

2 

809. 

1609. 

3852. 

7076. 

3 

8*5. 

2*55. 

3825. 

10102. 

4 

825. 

3280. 

2759. 

13661. 

5 

833. 

*113. 

2922. 

16583. 

6 

873. 

*9a6. 

3973. 

20556. 

7 

790. 

5776. 

1955. 

22510. 

8 

767. 

65*2. 

18*1. 

2*351. 

9 

8*1. 

7383. 

2*63. 

2681*. 

10 

878. 

8261. 

2602. 

29*15. 

11 

791. 

9053. 

1613. 

31028. 

12 

787. 

98*0. 

1169. 

32197. 

13 

8*3. 

10683. 

13*0. 

33537. 

1* 

818. 

11500. 

1770. 

35306. 

15 

90R. 

12*08. 

2922. 

30228. 

16 

939. 

133*8. 

2  6*1. 

*C87C. 

17 

830. 

1*178. 

1875. 

*27**. 

18 

960. 

15138. 

2535. 

*5279. 

19 

1028. 

16166. 

*036. 

*9315. 

20 

929. 

17095. 

2669. 

5198*. 

21 

987. 

18082. 

23*3. 

5*327. 

22 

1057. 

19139. 

3839. 

58167. 

23 

1059. 

20198. 

3981. 

621*8. 

2* 

1110. 

21308. 

*189. 

66337. 

25 

1079. 

22387. 

5038. 

71375. 

26 

1093. 

23*30. 

*6e2. 

76057. 

27 

979. 

2**59. 

2*96. 

78553. 

28 

97*. 

25*32. 

2867. 

81*20. 

29 

10*1. 

26*73. 

3581. 

85001. 

30 

1102. 

27575. 

238*. 

PAGE 

87386. 
TYPE  6 

VALUE  OF  INITIAL  GROWING  STOCK—t   96877.59 


COMPOUND  FUTURE 

RATE  GROWING 

(PERCENT)  STOCK 

1.0  59820.71 

1.5  51583.58 

2.0  **513.08 

2.5  38*39.^ 

3.0  33218.19 

3.5  28726. *7 

*.0  2*859.51 

4.5  21528.02 

5.0  18655.80 

5.5  16177.78 

6.0  1*038.37 

6.5  12190.02 

7.0  10592.0* 

7.5  9209.56 

8.0  8012.72 

8.5  6975.91 

9.0  6077.12 

9.5  5297. *8 

10.0  *620.75 

10.5  *032.96 


VALUES  DISCOUNTER  TO  PRESENT  (DOLLARS) 


ALL 
INCOMFS 

STOCK 

PLUS 

INCOMES 

98225.77 

1580*6. *a 

91122.91 

1*2706. *9 

8*733.69 

1292*6.77 

78975.23 

117*15.6* 

73778.79 

106996.99 

69078.51 

9780*. 98 

6*820.17 

89679.59 

60955.27 

82*83.29 

57**1.11 

76096.91 

5*2*0.08 

70*17.86 

51318.98 

65357.36 

*86*8.53 

60838.55 

*6202.80 

5579*. 8* 

*3958.R6 

53168. *2 

*1896.36 

*9909.08 

39997.2* 

*6973.15 

382*5. *8 

**322.50 

36626.80 

*192*.28 

35128. *8 

397*9.23 

33739.18 

37772.15 

NET 

ALL 

PRESENT 

COSTS 

WORTH 

23515.58 

37653.31 

21789.26 

2*039.5* 

2023*. *0 

1213*. 78 

18831. *8 

1706.58 

17563. *0 

-7***. 00 

16*15.18 

-15*87.79 

15373.6* 

-22571.5* 

1**27.20 

-28821.50 

13565.67 

-3*3*6.35 

12780.03 

-39239.76 

12052.37 

-*3582.60 

11*05.6* 

-*7***.68 

10803.65 

-50886. *0 

10250.88 

-53960.05 

97*2.** 

-56710.95 

927*. 00 

-59178. *3 

88*1.68 

-51395.56 

8**2.0* 

-63395.35 

8072.00 

-65200.35 

7728.8* 

-6683*. 28 
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COMPARISON  OF  ALTERNATIVES 
BATCH   SHELTERWOOO  TEST 
TEST    1 

MANAGED,  THINNED  AT  AGE  30. 
COLUMN    10 


1 

7458. 

2 

7706. 

3 

7954. 

4 

8203. 

5 

8451. 

6 

8699. 

7 

8947. 

8 

9194. 

9 

9442. 

10 

9689. 

10 

9689. 

20 

12157. 

30 
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40 

0. 

50 

0. 

60 

0. 

70 

0. 
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0. 
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0. 
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c. 
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GAME  1 

GAME  2 

GAME  3 

GAME  4 

GAME  S 

GAME  6 

GAME  7 

GAME  8 

GAME  9 

GAME  10 

1 

105149. 

105149. 

0. 

Q. 

0. 

0. 

0. 

0. 

0. 

0. 

2 

127634. 

127634. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

4 

102001. 

102049. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

5 
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0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

6 
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0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

7 
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0. 

0. 

0. 

0. 

0. 

0. 
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0. 
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0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

10 

113796. 

113969. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

10 

113796. 
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0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

20 

140494. 

141217. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

30 

166068. 

168015. 

0. 

0. 

0. 
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0. 

0. 

0. 

0.. 

0. 
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0. 
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0. 
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0. 
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0. 

0. 

80 

0. 

0. 
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0. 

0. 
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0. 
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0. 

0. 

90 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

100 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

110 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

120 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

130 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
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0. 
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Abstract 

Guidelines  are  provided  to  aid  the  forest  manager  in  developing 
partial  cutting  practices  needed  to  convert  old-growth  spruce-fir  forests 
into  managed  stands,  while  maintaining  continuous  forest  cover  in 
travel  influence  zones  and  areas  of  high  recreational  values  or  out- 
standing scenic  beauty.  These  guidelines  consider  stand  conditions, 
windfall  risk,  and  insect  susceptibility.  The  cutting  practices  can  be 
used  in  combination  with  small  cleared  openings  to  create  the  kinds 
of  stands  desirable  for  increased  water  yields,  to  improve  wildlife 
habitat,  and  to  integrate  timber  production  with  other  uses.  They  can 
also  be  used  on  areas  that  are  difficult  to  regenerate  where  timber 
production  is  the  primary  objective. 

Oxford:    221.42:421.1.    Keywords:    Partial  cutting,  windthrow,  multiple 
use  (forest  resources),  Picea  engelmannii,  Abies  lasiocarpa. 


About    the  cover: 

Group  selection  cutting  in  spruce-fir  on 
the  Fraser  Experimental   Forest.      About  half 
the  volume  was  removed  from  a    third  of  the  area 
in  group  cuttings  about  one  tree  height  in 
diameter.      Subsequent  blowdown  losses  were  light. 
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exclusion  of  others  that  may  be  suitable. 
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Author's  Preface 

This  publication  supersedes  Research  Paper  RM-76,  "Initial 
partial  cutting  in  old-growth  spruce-fir,"  in  which  I  provided 
guidelines  for  initial  cutting  only.  The  revisions  and  improvements 
to  the  original  are  in  response  to  requests  by  users  for  informa- 
tion on  how  stands  should  be  handled  after  the  initial  harvest, 
and  for  practices  needed  to  obtain  natural  regeneration  after  partial 
cutting.  Other  changes  are  the  result  of  greater  insight  obtained 
by  applying  those  original  guidelines  in  field  studies. 

For  convenient  field  use,  the  stand  descriptions  and  cutting 
guides  in  this  Research  Paper  were  published  separately  in  a 
smaller  format  as  USDA  Forest  Service  Research  Paper  RM-76A, 
"Initial  Partial  Cutting  in  Old-Growth  Spruce-Fir  —  Field  Guide  to 
Stand  Descriptions  and  Cutting  Practices."  Although  it  contains 
suggested  practices  only  for  initial  entry,  information  in  this 
original  Field  Guide  is  still  appropriate,  and  can  be  used  in  con- 
junction with  the  newer  guidelines  published  here.  Copies  of 
RM-76A  are  available  from  the  Rocky  Mountain  Forest  and  Range 
Experiment  Station,  240  West  Prospect  Street,  Fort  Collins, 
Colorado  80521. 


i  ,         --« 


m 


Individual  tree  selection  cutting  in  spruce- 
fir  on  the  Eraser  Experimental  Eorest.      About  60 
percent  of  the  volume  was  removed.      Blowdcwn   losses 
in  the  residual  stand  were  heavy  because   the  origi- 
nally dense  stand  was  opened  too  drastically . 


« 


W' 


i'y. 


Partial  Cutting  in  Old  Growth   Spruce  Fir 


Robert    R.    Alexander 


INTRODUCTION 

The  Engelmann  spruce  (Picea  engelmannii 
'arry)  —  subalpine  fir  (Abies  lasiocarpa  (Hook. ) 
Jutt.)  type  is  the  largest  and  most  productive 
imber  resource  in  the  central  Rocky  Mountains 
Choate  1963,  Miller  and  Choate  1964).  A  large 
iroportion  of  the  spruce-fir  type  is  in  overmature 
awtimber  stands  that  offer  little  opportunity 
or  management,  however,  because  of  their 
dvanced  age,  relatively  slow  growth,  and  sus- 
eptibility  to  wind  and  insects.  Also,  many  of 
hese  natural  stands  developed  after  fires  or 
ther  disturbances  and  do  not  have  an  all-aged 
tructure.  Therefore,  forest  managers  concerned 
/ith  timber  production  have  most  often  elected 
0  convert  this  old-growth  to  managed  even- 
ged  stands. 2  Harvesting  and  regeneration 
ractices  developed  in  the  central  Rocky  Moun- 
ains  have  therefore  been  directed  toward 
learcutting. 

In  addition  to  being  the  most  productive 
imber  type  in  the  central  Rocky  Mountains, 
owever,  spruce-fir  forests  are  also  the  highest 
'ater  yielding,  and  are  valuable  wildlife,  recre- 
tion,  and  scenic  areas.  Because  of  increasing 
emands  on  forest  lands  from  a  rapidly 
spanding  population  and  the  limited  resource 
I'ailable,  management  must  consider  all  key 
nd  uses.  The  visual  and  environmental  impacts 
'  clearcutting  for  timber  production  are  not 
ways  compatible  with  the  objectives  of  other 
2y  uses.  Furthermore,  many  areas  have  been 
fficult  to  regenerate  after  clearcutting. 

The  next  section  describes  the  form,  struc- 

ire,    and    arrangement   of  stands     that    are 

;sirable   for  increased  water  yields,  improve- 

ent   of  wildlife   habitat,   preservation   of  the 


2 
Considerable    literature   is   available   on    the  silvical 

laracteristics  of  spruce ,  and  spruce  regeneration  require- 

ents  and  practices  for  timber  production,  but  that  work 

ill    not     be   reviewed  here.     Good    discussions    are 

esented  by  Alexander  (1958),  Roe  et  al.  (1970),  and  in 

manuscript  Alexander  is  preparing  on  "Silviculture  of 

'balpine   forests    in    the   central  and  southern   Rocky 

ountains:      The   state   of  the  art,"  to  be  published  in 

e  Research  Paper  RM-  series. 


forest  landscape,  and  maintenance  of  scenic 
values.  Silvicultural  practices  are  later  developed 
that  can  be  used  alone  or  in  combination  with 
small  cleared  openings  to  maintain  forest  cover 
while  gradually  replacing  the  old  stand  with  a 
healthy,  vigorous  new  one. 


MULTIPLE-USE   SILVICULTURE 

Water 

Water-yield  studies  have  indicated  that  the 
increase  in  snow  depth  in  openings  cut  in 
spruce-fir  forests  is  not  additional  snow  but  a 
change  in  deposition  pattern  (Hoover  and  Leaf 
1967).  Snow  blows  off  adjacent  standing  trees 
and  settles  in  the  openings.  The  increased  snow 
in  the  openings  means  that  more  water  is  avail- 
able for  streamflow.  Research  and  experience 
suggest  that  a  round  or  patch-shaped  opening, 
about  five  to  eight  times  (in  diameter)  the 
height  of  surrounding  trees,  is  the  most  effective 
for  trapping  snow  (Hoover  1969).  In  larger 
openings,  wind  dips  to  the  ground  and  scours 
and  blows  snow  out  of  the  opening. 

About  one-third  of  the  forest  area  should 
be  in  openings,  which  would  be  periodically 
recut  when  tree  height  reaches  one-half  the 
height  of  surrounding  trees.  The  remaining 
two-thirds  of  the  area  would  be  retained  as 
continuous  high  forest;  trees  would  be  periodi- 
cally harvested  on  an  individual  tree  basis. 
Ultimately  the  reserve  stand  would  approach 
an  all-aged  structure  with  the  overstory  canopy 
remaining  at  about  the  same  height,  although 
the  original  overstory  could  not  be  maintained 
indefinitely. 

An  alternative  would  be  to  make  a  light  cut 
distributed  over  the  entire  watershed,  removing 
about  20  to  30  percent  of  the  basal  area  on  an 
individual-tree  basis  or  in  small  groups.  The 
objective  would  be  to  open  up  the  stand 
enough  to  develop  windfirmness,  and  salvage 
low-vigor  and  poor-risk  trees.  Openings  five  to 
eight  times  tree  height  could  then  be  cut  on 
about  one-third  of  the  area.  The  remaining 
two-thirds    of  the  area  would  be  retained  as 


permanent  high  forest,  with  trees  periodically 
removed  on  an  individual-tree  basis  or  in  small 
groups. 

Another  alternative  that  would  integrate 
water  and  timber  production  would  be  to  harvest 
all  the  old-growth  in  a  cutting  block  in  a  series 
of  cuts  spread  over  a  period  of  120  to  160  years. 
Each  cutting  block  would  contain  at  least  300 
acres,  subdivided  into  round  or  patch-shaped 
units  approximately  2  acres  in  size  or  four  to 
five  times  (in  diameter)  the  height  of  a  general 
canopy  level.  At  periodic  intervals,  some  of 
these  units,  distributed  over  the  cutting  block, 
would  be  harvested  and  the  openings  regener- 
ated. The  interval  between  cuttings  could  vary 
from  as  often  as  every  10  years  to  as 
infrequently  as  every  30  to  40  years.  The  per- 
centage of  units  cut  at  each  interval  would  be 
determined  by  Cutting  cycle/Rotation  age  times 
100.  At  the  end  of  one  rotation,  each  cutting 
block  would  be  composed  of  groups  of  trees  in 
several  age  classes  ranging  from  reproduction 
to  trees  ready  for  harvest.  The  height  of  the 
tallest  trees  would  be  somewhat  less  than  the 
original  overstory,  but  any  adverse  effect  on 
snow  deposition  should  be  minimized  by  keeping 
the  openings  small  and  widely  spaced. 

Wildlife 

Big  game  use  of  spruce-fir  forests  can  be 
improved  by  certain   timber  cutting  practices. 

Openings  of  less  than  20  acres  cut  in  the 
canopy  of  spruce-fir  forests  in  Arizona  were 
heavily  used  by  desert  mule  deer  (Odocoileus 
hemionus  Rafinesque)  and  American  elk 
(Cervus  "canadensis  (Erxleben)  Reynolds),  but 
use  decreased  considerably  in  larger  openings 
(Reynolds  1966).  Openings  created  by  harvesting 
were  preferred  to  natural  openings  because  the 
vegetation  that  initially  comes  in  on  cutovers 
is  more  palatable  to  deer  and  elk.  Reynolds 
suggested  that  openings  be  maintained  by 
cleaning  up  the  logging  slash  and  debris,  re- 
moving new  tree  reproduction,  and  seeding  the 
area  to  forage  species  palatable  to  big  game. 
However,  since  the  more  palatable  species  are 
likely  to  be  replaced  during  natural  succession 
on  the  cutover  areas,  a  more  desirable  alterna- 
tive would  be  to  cut  new  openings  periodically 
while  allowing  the  older  cuttings  to  regenerate. 
That  would  provide  a  constant  source  of 
palatable  forage  and  the  edge  effect  desired, 
while  creating  an  all-aged  forest  by  even-aged 
groups.  The  openings  created  should  be  widely 
spaced,  with  the  stand  between  openings  main- 
tained as  high  forest. 

On  the  Fraser  Experimental  Forest  in  Colo- 
rado, Rocky  Mountain  mule  deer  use  in  spruce-fir 


forests  was  greater  and  forage  more  abundant 
on  cleared  openings  than  in  the  uncut  forest 
(Wallmo  1969).  Clearcut  openings  3  chains  wide 
were  used  more  than  wider  or  narrower 
openings.  Forage  production  appears  to  decline 
about  10  years  after  cutting,  however,  as  tree 
reproduction  replaces  forage  species  (Wallmo 
et  al.  1972).  While  no  recommendations  were 
made  as  to  optimum  size  or  arrangement  of 
openings,  the  Fraser  study  suggests  that  they 
be  kept  small  and  interspersed  with  standing 
trees  that  could  be  periodically  harvested  on  an 
individual  tree  basis. 

One  alternative  that  would  integrate  wildlife 
habitat  improvement  with  timber  production 
would  be  to  cut  about  one-sixth  of  a  cutting 
block  every  20  years  in  openings  about  four  to 
five  times  tree  height.  Each  Working  Circle 
would  be  subdivided  into  a  number  of  cutting 
blocks  (of  at  least  300  acres)  so  that  not  all 
periodic  cuts  would  be  made  in  a  single  year 
on  a  Working  Circle.  Such  periodic  cutting 
would  provide  a  good  combination  of  numbers 
and  species  of  palatable  forage  plants  and  the 
edge  effect  desired,  while  creating  a  several- 
aged  forest  of  even-aged  groups. 

Wildlife  other  than  big  game  is  also 
influenced  by  the  way  forests  are  handled.  For 
example,  with  the  curtailment  of  wildfires,  some 
reduction  in  stand  density  by  logging  is 
probably  necessary  to  create  or  maintain 
drumming  grounds  for  male  blue  grouse 
(Dendragapus  obscurus  Say).  Partial  cutting 
that  opens  up  the  canopy  enough  to  allow  tree 
regeneration  to  become  established  in  scattered 
thickets  appears  to  provide  the  most  desirable 
habitat.  Cutting  small,  irregularly  shaped  open- 
ings (up  to  10  acres)  in  the  canopy  may  also 
be  beneficial  to  blue  grouse,  if  thickets  of  new 
reproduction  become  established  in  the  cleared 
openings  (Martinka  1972). 

Recreation  and  Esthetics 

Permanent  forest  cover  at  least  in  part  is 
preferred  in  recreation  areas,  travel  influence 
zones,  and  scenic  view  areas.  Since  old-growth 
spruce-fir  forests  will  not  maintain  themselves 
in  an  esthetically  pleasing  or  sound  condition 
indefinitely,  some  form  of  partial  cutting  can 
help  retain  forest  cover  while  at  the  same  time 
replacing  the  old  with  a  new  stand.  However, 
the  visual  impact  of  logging  operations  —  haul 
roads,  damage  to  residual  trees,  and  slash  and 
debris  — must  be  minimized.  In  situations  where 
there  is  no  harvesting  alternative  to  clearcutting, 
and  the  environmental  impact  of  clearcutting  is 
unacceptable,  there  is  no  choice  but  to  leave 
the  stands  uncut. 


To  reduce  the  sudden  and  severe  visual 
Tipacton  the  landscape,  openings  cut  in  stands 
3r  timber  and  water  production,  wildlife  habitat 
nprovement,  and  recreation  (ski  runs)  should 
e  a  repetition  of  natural  shapes,  visually  tied 
Dgether  to  create  a  balanced,  unified  pattern 
lat  will  complement  the  natural  landscape 
Barnes  1971).  This  is  especially  important  for 
lose  openings  in  the  middle  and  background 
lat  can  be  seen  from  a  distance.  The 
3reground  should  be  maintained  in  high  forests 
nder  some  partial  cutting  system. 


PARTIAL   CUTTING   HISTORY 

Most  cuttings  in  spruce-fir  forests  on  the 
ational  Forests  before  1950  in  the  central  and 
Duthern  Rocky  Mountains  were  of  a  type  that 
Duld  be  collectively  called  "partial  cuttings." 
hey  ranged  from  remov^al  of  a  few  individual 
•ees  to  removal  of  all  of  the  larger,  more 
aluable  trees  in  the  stand.  Seedbed  preparation 
as  usually  limited  to  the  disturbance  created 
y  logging,  and  slash  was  untreated  or  lopped, 
[ost  skidding  was  done  with  horses. 

In  general,  heavy  partial  cutting  — usually 
Dnsidered  necessary  to  make  logging  profitable 
-was  not  successful  as  a  means  of  arresting 
:and  deterioration  or  increasing  net  increment 
n  residual  trees.  For  example,  residual  stands 
f  spruce-fir  in  Colorado  suffered  heavy 
lortahty  when  60  percent  of  the  original  volume 
as  removed  by  individual  tree  selection  (Alex- 
ider  1963).  Net  increment  was  only  about  one- 
lird  of  that  in  uncut  stands.  Similar  results 
illowed  heavy  partial  cutting  elsewhere  in  the 
mtral  Rocky  Mountains  (USDA  Forest  Service 
)33),  and  in  the  Northern  Rockies  (Roe  and 
eJarnette  1965).  Even  when  mortality  was  not 
problem,  heavy  partial  cutting  left  the  older, 
2cadent  stands  in  a  shabby  condition,  with 
ttle  appearance  of  permanent  forest  cover. 

Windfall,  the  principal  cause  of  mortality, 
icreased  as  the  intensity  of  cutting  increased, 
ow  stumpage  values  and  the  generally 
;attered  pattern  of  windfall  usually  prevented 
ilvage  of  blowdown  after  partial  cutting.  Not 
tily  was  the  volume  of  windthrown  trees  lost. 
Lit  the  combination  of  down  spruce  and  over- 
ory  shade  provided  breeding  grounds  for 
)ruce  beetles  (Dendroctonus  rufipennis  Kirby). 

Partial  cutting  was  successful  — in  the  sense 
lat  the  residual  stand  did  not  suffer  heavy 
lortality  — in  some  spruce-fir  stands  where 
rge  reserve  volumes  were  left  in  protected 
ications.  In  one  study  in  northern  Idaho,  wind- 
ill  losses  were  light  after  a  partial  cutting  that 
ft  6,000  board  feet  per  acre  in  spruce-fir  stands 


in  a  sheltered  location  on  deep,  well-drained 
soil  (Roe  and  DeJarnette  1965).  On  the  Grand 
Mesa  National  Forest  in  Colorado,  where  spruce 
trees  are  relatively  short  and  no  serious  wind 
problems  are  associated  with  topography,  few 
trees  blew  down  when  about  40  percent  of  the 
original  volume  was  removed  from  two-storied 
stands.  In  single-storied  stands",  however,  only 
about  30  percent  of  the  original  volume  could 
be  safely  removed.  On  the  other  hand,  heavier 
partial  cutting  that  removed  50  percent  or  more 
of  the  original  volumes  per  acre  from  spruce-fir 
forests  in  the  dry  "rain  shadow"  of  the  Conti- 
nental Divide  on  the  Rio  Grande  National  Forest 
did  not  result  in  blowdown  to  the  residual 
stand.  However,  these  two-storied  stands  were 
growing  on  sites  where  productivity  was  very 
low.  Individual  trees  were  short,  widely  spaced, 
and  therefore  relatively  windfirm  before  cutting. 

There  are  also  numerous  examples  of  early 
cuttings  — between  1910  and  1930  — on  many 
National  Forests  in  Colorado  where  very  light 
partial  cutting  — removal  of  10  to  15  percent  of 
the  stand  — did  not  result  in  substantial  wind- 
throw  of  residual  trees. 

Although  an  overstory  tends  to  favor  fir 
reproduction  over  spruce,  regeneration  success 
of  spruce  has  been  acceptable  under  a  wide 
variety  of  partial  cutting  treatments  (Alexander 
1963,  Roe  and  DeJarnette  1965). 


SUSCEPTIBILITY    TO   WIND   AND   INSECTS 

Windfall 

Windfall  is  a  common  cause  of  mortality 
after  any  kind  of  initial  cutting  in  old-growth 
spruce-fir  forests,  but  partial  cutting  increases 
the  risk  because  the  entire  stand  is  opening  up 
and  therefore  vulnerable.  While  the  tendency 
of  spruce  to  windthrow  is  usually  attributed  to 
a  shallow  root  system,  the  development  of  the 
root  system  varies  with  soil  and  stand  conditions. 
On  medium  to  deep,  well-drained  soils,  trees 
have  a  better  root  system  than  on  shallow, 
poorly  drained  soils.  Trees  that  have  developed 
together  in  dense  stands  over  long  periods  of 
time  mutually  protect  each  other,  and  do  not 
have  the  roots,  boles,  or  crowns  to  withstand 
sudden  exposure  to  wind  if  opened  up  too 
drastically.  If  the  roots  and  boles  are  defective, 
the  risk  of  windthrow  is  increased.  The  presence 
of  old  windfalls  in  a  stand  is  another  good  indi- 
cator of  lack  of  windfirmness.  Furthermore, 
regardless  of  the  kind  or  intensity  of  cutting, 
or  soil  and  stand  conditions,  windthrow  is 
greater  on  some  exposures  than  others  (Alex- 
ander 1964,  1967).  Exposures  where  windfall  risk 


is  below  average,  above  average,  or  very  high 
have  been  identified  as  follows: 


Below  Average 

1.  Valley  bottoms,  except  where  parallel  to  the 
direction  of  prevailing  winds,  and  flat  areas. 

2.  All  lower,  and  gentle  middle  north-  and  east- 
facing  slopes. 

3.  All  lower,  and  gentle  middle,  south- and  west- 
facing  slopes  that  are  protected  from  the  wind 
by  considerably  higher  ground  not  far  to 
windward. 


Above  Average 


2. 


3. 


4. 


Valley  bottoms  parallel  to  the  direction  of 
prevailing  winds. 

Gentle  middle  south  and  west  slopes  not 
protected  to  the  windward. 
Moderate  to  steep  middle,  and  all  upper 
north-  and  east-facing  slopes. 
Moderate  to  steep  middle,  south-  and  west- 
facing  slopes  protected  by  considerably 
higher  ground  not  far  to  windward. 


Very  High 

1.  Ridgetops. 

2.  Saddles  in  ridges. 

3.  Moderate  to  steep  middle  south-  and  west- 
facing  slopes  not  protected  to  the  windward. 

4.  All    upper    south-    and  west-facing  slopes. 

The  risk  of  windfall  in  these  situations  is 
increased  at  least  one  category  by  such  factors 
as  poor  drainage,  shallow  soils,  defective  roots 
and  boles,  or  overly  dense  stands.  Conversely, 
the  risk  of  windfall  is  reduced  if  the  stand  is 
open-grown  or  composed  of  young,  vigorous, 
sound  trees.  All  situations  become  very  high 
risk  if  exposed  to  special  topographic  situations 
such  as  gaps  or  saddles  in  ridges  at  higher 
elevations  to  the  windward  that  can  funnel 
winds  into  the  area. 


Insects 

A  large  number  of  insect  pests  infest 
Engelmann  spruce  (Keen  1952).  The  spruce 
beetle  is  the  most  serious  in  mature  to  over- 
mature stands,  and  epidemics  have  occurred 
throughout  lecorded  history  (Hopkins  1909, 
Massey  and  Wygant  1954).  The  most  damaging 


outbreak  was  in  Colorado  from  1939-51,  when 
beetles  killed  nearly  4  billion  board  feet  of 
standing  spruce.  Most  attacks  have  been 
associated  with  extensive  windthrow,  where 
down  trees  provided  an  ample  food  supply  for 
a  rapid  buildup  of  beetle  populations  (Massey 
and  Wygant  1954,  Wygant  1958). 

Cull  material  left  after  logging  has  also 
started  outbreaks,  and  there  are  examples  where 
heavy  spruce  beetle  populations  have  developed 
in  scattered  trees  windthrown  after  heavy  partial 
cutting.  The  beetle  progeny  have  then  emerged 
to  attack  living  trees,  sometimes  seriously 
damaging  the  residual  stand.  Occasionally  heavy 
spruce  beetle  outbreaks  have  developed  in  over- 
mature stands  with  no  recent  history  of  cutting 
or  windfall,  but  losses  in  uncut  stands  that 
have  not  been  subjected  to  catastrophic  wind- 
storms have  usually  been  no  greater  than 
normal  mortality  in  old  growth. 

Overmature  trees  are  attacked  first,  but  if! 
an  infestation  persists,  beetles  will  attack  and! 
kill  smaller  diameter  trees  after  the  larger  trees' 
in  the  stand  are  killed.  In  the  central  Rocky 
Mountains,  susceptibility  of  spruce  stands  in  i 
relation  to  location,  increases  in  the  following  ■ 
order:     (1)  immature  stands,  (2)  mixed  stands, 

(3)  poorer  stands  on  benches  and  high  ridges, 

(4)  better  stands  on  benches  and  high  ridges, 

(5)  trees  in  creek  bottoms  (Schmid  and  Beckwith 
1971).  For  individual  stands,  analysis  of  past 
infestations  suggests  the  following  character- 
istics are  potentially  associated  with  outbreaks: 
(1)  single-  or  two-storied  stands,  (2)  high  pro- 
portions of  spruce  in  the  overstory,  (3)  basal 
area  of  150  square  feet  per  acre  or  more  in  the 
older  and  larger  trees,  and  (4)  an  average 
10-year  periodic  diameter  growth  of  0.4  inch  or' 
less.' 

In  infested  stands,  or  those  with  potential 
beetle  problems,  felling  and  salvaging  attacked 
or  susceptible  trees,  and  disposing  of  green  cull 
material,  is  the  most  effective  silvicultural 
control.  However,  partial  cutting  that  removes 
the  larger  overmature  trees  and  releases  the 
younger  trees  also  reduces  potential  insect 
problems  in  stands  with  a  good  stocking  of 
trees  in  the  smaller  diameter  classes.  "Trap 
trees"  intentionally  felled  prior  to  beetle  flight, 
are  highly  attractive  and  often  provide  an 
effective  way  of  concentrating  and  trapping 
spruce  beetles  (Nagel  et  al.  1957).  After  the 
beetles  enter  the  downed  logs,  they  are  usually 

3 

Schmid,  J.M.,  and  T.E.  Hinds.  "Spruce  beetle  out- 
break areas."  (Manuscript  in  preparation  at  Rocky 
Mountain  Forest  and  Range  Experiment  Station,  Fort 
Collins,  Colorado.) 
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alvaged,  but  may  be  chemically  treated  or 
•urned  (Schmid  and  Beckwith  1971).  Lethal 
raps  in  which  cacodylic  acid  is  used  to  prevent 
•rood  development  appears  to  be  a  potentially 
iseful  refinement  to  the  regular  trap  tree 
pproach  (Buffam  et  al.  1973). 


STAND   CONDITIONS 

Old-growth  spruce-fir  forests  grow  on  a 
vide  range  of  sites,  with  a  great  diversity  of 
tand  conditions  and  characteristics.  This 
liversity  complicates  the  development  of  silvi- 
ultural  systems  needed  to  convert  old-growth 
o  managed  stands  for  a  variety  of  uses.  For 
ixample,  spruce-fir  forests  are  the  dominant 
ilements  in  a  number  of  near-climax  vegetation 
issociations  throughout  the  central  and 
outhern  Rocky  Mountains,  but  frequently  they 
lo  not  have  the  age-class  structure  of  true 
Umax  forests.  Some  stands  are  clearly  single- 
toried,  indicating  that  desirable  spruce  forests 
an  be  grown  under  even-aged  management. 
)thers  are  two-  or  three-storied,  and  multi- 
toried  stands  are  not  uncommon  (LeBarron  and 
fameson  1953,  Miller  1970).  This  structure  may 
)e  the  result  of  either  past  disturbances  such 
is  fire,  insect  epidemics,  or  cutting,  or  the 
gradual  deterioration  of  old-growth  stands 
issociated  with  normal  mortality  from  wind, 
nsects,  and  diseases.  Gradual  deterioration  is 
[specially  evident  in  the  formation  of  some 
pulti-storied  stands.  On  the  other  hand,  some 
nulti-storied  stands  appear  to  have  originated 
Is  uneven-aged  stands  and  are  successfully 
perpetuating  this  stand  structure. 
j  The  composition  of  spruce  and  fir  varies 
jonsiderably  with  elevation.  At  middle 
jlevations  (10,000  to  11,000  feet)  on  north  slopes, 
orests  are  frequently  pure  spruce  in  the  over- 
Story  with  fir  predominating  in  the  understory. 
n  the  central  Rocky  Mountains,  for  example, 
(pruce  commonly  makes  up  70  percent  or  more 
if  the  overstory  basal  area,  and  fir  from  two- 
hirds  to  three-fourths  of  the  understory  and 
'dvanced  reproduction  (Alexander  1957,  1963; 
Costing  and  Reed  1952).  This  composition  in 
elation  to  structure  has  developed  under 
latural  conditions  because  spruce  is  more 
xacting  in  its  seedbed  requirements  and  less 
ible  to  compete  with  fir  under  low  light  intensi- 
ies  common  to  dense  forests.  Once  established, 
lowever,  spruce  lives  longer  than  fir  and  is  less 
usceptible  to  disease  (Alexander  1958). 
Ixceptions  are  stands  attacked  by  spruce  beetles, 
^here  fir  is  the  dominant  element  in  both  the 

t/^erstory  and  understory.' 
At    higher    elevations   (above   11,000    feet 
evation),  spruce  may  form  essentially  pure 


stands,  while  at  lower  elevations  where  sites 
are  usually  drier,  the  density  of  spruce  relative 
to  fir  may  be  low.  In  these  latter  situations, 
and  at  middle  elevations  on  south  and  west 
slopes,  lodgepole  pine  (Pinus  contorta  Dougl.) 
is  frequently  more  numerous  in  the  overstory 
than  spruce.  Aspen  (Populus  tremuloides 
Michx.)  and  Douglas-fir  (Pseudotsuga  menziesii 
var.  glauca  (Beissn.)  Franco)  also  grow  with 
spruce  at  middle  and  low  elevations. 

Advanced  spruce  and  fir  reproduction  is 
likely  to  be  older  than  it  appears  because  the 
early  growth  of  both  is  slow.  Spruce  commonly 
takes  from  20  to  40  years  to  reach  a  height  of 
4  to  5  feet,  even  under  favorable  conditions; 
under  a  dense  canopy,  spruces  4  to  6  feet  tall 
may  be  75  years  or  more  old  (Oosting  and  Reed 
1952).  Spruce  and  fir  reproduction  suppressed 
for  long  periods  of  time  will  respond  to  release, 
however,  and  make  acceptable  gi-owth. 


PARTIAL  CUTTING   PRACTICES 


Partial  cutting  here  includes  both  shelter- 
wood  and  selection  cuts  and  their  modifications. 
They  are  regeneration  systems  that  harvest  the 
timber  on  an  area  in  more  than  one  step.  From 
a  silvicultural  point  of  view  these  are  acceptable 
harvesting  methods  in  old-growth  spruce-fir. 
They  are,  in  fact,  the  only  options  open  to  the 
manager  where  (1)  multiple-use  considerations 
preclude  clearcutting,  (2)  combinations  of 
cleared  openings  and  high  forests  are  needed  to 
meet  various  resource  use  requirements,  or  (3) 
areas  are  difficult  to  regenerate  after 
clearcutting.  However,  windfall,  insects,  and 
stand  conditions  impose  limitations  on  how 
stands  can  be  handled.  Cutting  to  bring  old- 
growth  under  management  is  likely  to  be  a 
compromise  between  what  is  desirable  and 
what  is  possible.  Management  may  involve  a 
combination  of  several  partial  cutting  treat- 
ments, continuous  sanitation  salvage  cutting, 
clearcutting,  and  no  cutting  on  many  areas. 

A  careful  appraisal  of  the  capabilities  and 
limitations  of  each  stand  is  necessary  to  deter- 
mine cutting  practices.  Furthermore,  partial 
cutting  requires  careful  marking  of  individual 
trees  or  groups  of  trees  to  be  removed,  and 
close  supervision  of  logging.  The  following 
partial  cutting  recommendations  are  keyed  to 
broad  stand  descriptions,  windfall  risk  situa- 
tions, and  insect  problems  with  the  objective  of 
maintaining  permanent  forest  cover  to  meet 
the  needs  of  different  resource  uses. 


SINGLE -STORY 


Single-Storied  Stands 


Description 


1.  May  appear  to  be  even-aged,  but  usually 
contain  more  than  one  age  class.  In  some 
instances,  the  canopy  may  not  appear  to  be 
of  uniform  height  because  of  changes  in 
topography,  stand  density,  or  stocking. 

2.  Codominant  trees  form  the  general  level  of 
the  overstory  canopy.  Dominants  may  be  5 
to  10  feet  taller,  and  occasionally  predomi- 
nants  may  reach  15  to  20  feet  above 
the  general  canopy  level.  Taller  intermediates 
extend  into  the  general  canopy;  shorter 
intermediates  are  below  the  general  canopy 
level  but  do  not  form  a  second  story. 

3.  Small  range  in  diameters  and  crown  length 
of  dominants  and  codominants. 

4.  Few  coarse-limbed  trees  in  the  stand:  if  two- 
aged  or  more,  younger  trees  usually  have 
finer  branches  and  may  not  have  diameters 
equal  to  the  older  trees. 

5.  Trees  more  often  uniformly  spaced  than 
clumpy. 

6.  Usually  does  not  have  a  manageable  stand 
of  advanced  reproduction.^ 


Reproduction  less  than  4.5  feet  tall  is  not  considered 
a  stand  story  in  these  descriptions. 

5 
Since  any  kind  of  cutting  in  spruce-fir  forests  may 

destroy  as  much  as  half  of  the  advanced  reproduction, 

even  with   careful  logging,  at   least   600  seedlings   and 

saplings  per  acre,   of  good  form  and  vigor  and  free  of 

defect,  must  be  present  to  be  considered  a  manageable 

stand    (Roe  et  al.   1970).    Needless    destruction     of    a 

manageable  stand  of  advanced  reproduction  because  the 

composition  is    largely  fir  is  not  justified  when  one  of 

the  management  objectives  is  to  establish  and  maintain 

forest  cover. 


If  lodgepole  pine  is  present  in  the  overstoii 
it  is  not  a  major  stand  component.  Lodgepoli 
pine  reproduction  is  absent  or  sparse.^ 

Recommended  Cutting  Treatments 

These  stands  are  usually  the  least  windfirn; 
because  trees  have  developed  together  over  I 
long  period  of  time  and  mutually  protect  eaclj 
other  from  the  wind. 


|c. 


1.    If  the  windfall  risk  is  below  average, 
the  trees  are  uniformly  spaced  — 


am 


a.  The  first  cut  should  be  light,  removinj 
about  30  percent  of  the  basal  area  of  th( 
stand  on  an  individual  tree  basis.'  Thii 
type  of  cutting  resembles  the  first  oi 
preparatory  cut  of  a  three-step  shelter-;*' 
wood.  Since  all  overstory  trees  are  abou 
equally  susceptible  to  windthrow,  th( 
general  level  of  the  canopy  should  b( 
maintained  by  removing  some  trees  fron 
each  overstory  crown  class.  Those  tree; 
with  known  indicators  of  defect  should 
be  removed  first,  but  avoid  creating  open 
ings  in  the  canopy  with  a  diameter  largei 
than  one  tree  height  by  distributing  tht 
cut  over  the  entire  area.  Do  not  remove 
dominants  in  the  interior  of  the  stand 
that  are  protecting  other  trees  to  theii 


Where  mixed  stands  of  spruce,  fir,  and  lodgepole 
pine  occur,  pine,  relative  to  its  position  in  the  canopy, 
should  be  handled  the  same  as  spruce. 

As  a  practical  matter,  small  .saplings  that  do  not 
represent  significant  competition  to  the  remainder  of 
the  stand  may  be  excluded  from  the  computation  of 
basal  area. 


leeward  if  these  latter  trees  are  to  be 
reserved  for  the  next  cut.  In  these,  and 
all  other  stands  containing  natural  open- 
ings one  to  several  tree  heights  in  diam- 
eter, leave  the  trees  around  the  perimeter 
for  a  distance  of  about  one  tree  height 
until  the  final  entry.  These  trees  have 
been  exposed  to  the  wind  and  are  usually 
windfirm,  and  protect  the  trees  in  the 
interior  of  the  stand. 

).  The  second  entry  into  the  stand  should 
not  be  made  for  at  least  5  to  10  years 
after  the  first  cut,  to  determine  if  the 
remaining  trees  are  windfirm.  This  cut 
should  also  remove  about  30  percent  of 
the  original  basal  area  on  an  individual 
tree  basis.  Any  windfall  salvaged  after 
the  first  cut  should  be  included  in  the 
computation  of  basal  area  to  be  removed. 
This  cut  simulates  the  second  or  seed  cut 
of  a  three-step  shelterwood.  The  largest 
and  most  vigorous  dominants  and  co- 
dominants  should  be  reserved  as  a  seed 
source,  but  avoid  cutting  openings  in  the 
canopy  larger  than  one  tree  height  in 
diameter  by  distributing  the  cut  over  the 
entire  area,  even  if  it  means  leaving  trees 
with  poor  seed  production  potential. 

.  The  last  entry  is  the  final  harvest  and 
should  remove  all  of  the  remaining 
original  overstory.  It  should  not  be  made 
until  a  manageable  stand  of  reproduction 
has  become  established,  but  the  cut 
should  not  be  delayed  beyond  this  point 
if  timber  production  is  one  of  the  primary 
concerns  because  the  overwood  hampers 
the  later  growth  of  seedlings. 

1.  The  manager  also  has  the  option  of 
removing  less  than  30  percent  of  the  basal 
area  at  any  entry  and  making  more 
entries,  but  they  cannot  be  made  more 
often  than  every  5  to  10  years.  This  will 
spread  the  cut  out  and  maintain  a  con- 
tinuous forest  cover  for  a  longer  period 
of  time. 


f  the   windfall  risk  is  below  average,  and 
he  trees  are  clumpy  — 


The  first  cut  should  be  a  modified  group 
selection  that  removes  about  30  percent 
of  the  basal  area.  Harvesting  timber  in 
groups  will  take  advantage  of  the  natural 
arrangement  of  trees  in  clumps.  Group 
openings  should  be  kept  small  —  not  more 
than  one  to  two  tree  heights  in  diameter 
—  and  not  more  than  one-third  of  the 
area  should  be  cut  over.   However,   all 


trees  in  a  clump  should  be  either  cut  or 
left  since  they  mutually  support  each 
other,  and  removing  only  part  of  a  clump 
is  likely  to  result  in  windthrow  of  the 
remaining  trees. 

b.  The  second  entry  into  the  stand  should 
not  be  made  until  the  first  group  of 
openings  has  been  regenerated.  This  cut 
can  also  remove  about  30  percent  of  the 
original  basal  area,  but  without  cutting 
over  more  than  an  additional  one-third 
of  the  area.  Openings  should  be  no  closer 
than  about  one  to  two  tree  heights  to  the 
openings  created  by  the  previous  cut. 

c.  The  final  entry  should  remove  the 
remaining  groups  of  merchantable  trees. 
The  timing  of  this  cut  depends  upon 
how  the  manager  elects  to  regenerate  the 
openings.  If  he  chooses  to  use  natural 
regeneration,  the  final  harvest  must  be 
delayed  until  the  regeneration  in  the 
openings  cut  earlier  are  large  enough  to 
provide  a  seed  source. 

d.  The  manager  may  choose  to  remove  less 
than  30  percent  of  the  basal  area  and  cut 
over  less  than  one-third  of  the  area  at 
any  one  time.  This  will  require  more 
entries,  but  no  new  cut  should  be  made 
until  the  openings  cut  the  previous  entry 
have  regenerated.  The  last  groups  cannot 
be  cut  until  there  is  a  seed  source  unless 
the  manager  elects  to  plant  these 
openings. 


If  the  windfall  risk  is  above  average,  and 
the  trees  are  uniformly  spaced  — 

a.  The  first  cut  should  be  restricted  to  a 
very  light  preparatory  cutting  that  re- 
moves about  10  percent  of  the  basal  area 
on  an  individual  tree  basis.  The  objective 
is  to  open  up  the  stand  but  at  the  same 
time  minimize  the  windfall  risk  to  the 
remaining  trees.  This  type  of  cutting 
resembles  a  sanitation  cut  in  that  the 
poorest  risk  trees  — those  of  low  vigor 
and  with  knownindicatorsof  defect  — and 
predominants  should  be  removed,  but  it 
is  important  that  the  general  level  of  the 
overstory  canopy  be  maintained  intact. 
Provision  should  be  made  to  salvage 
windfalls  after  spruce  beetle  flight  at  the 
end  of  July. 

b.  The  second  entry  can  be  m.ade  in  about 
10  years  after  the  first  cut.  This  entry 
should  remove  about  15  to  20  percent  of 
the  original  basal  area  on  an  individual 
tree  basis.   Any  windfall  salvaged  after 


d. 


the  first  cut  should  be  included  in  the 
computation  of  the  basal  area  to  be  re- 
moved. The  objective  of  this  preparatory 
cut  is  to  continue  to  open  up  the  stand 
gradually  while  preparing  the  stand  for 
the  seed  cut.  Most  of  the  trees  marked 
for  removal  should  come  from  the  inter- 
mediates and  small  codominants,  but 
maintain  the  general  level  of  the  canopy 
intact. 

It  will  require  another  5  to  10  years  to 
determine  if  the  stand  is  windfirm  enough 
to  make  another  entry.  This  will  be  the 
seed  cut  and  should  remove  about  20  to 
25  percent  of  the  original  basal  area, 
including  any  windfalls  salvaged  after  the 
last  cutting.  The  largest  and  most 
vigorous  dominants  and  codominants 
should  be  reserved  as  a  seed  source,  but 
it  is  more  important  to  distribute  the  cut 
over  the  entire  area. 

The  last  entry  is  the  final  harvest,  which 
should  remove  the  remaining  original 
overstory.  It  cannot  be  made  until  a 
manageable  stand  of  reproduction  has 
been  established.  About  50  percent  of  the 
original  basal  area  will  be  removed  in 
this  cut.  If  this  harvest  is  more  than 
10,000  board  feet  per  acre,  it  is  probably 
too  heavy  to  be  removed  in  one  cut  with- 
out undue  damage  to  the  reproduction. 
The  manager  must  then  plan  on  a  final 
harvest  in  two  steps.  The  second  step  can 
begin  as  soon  as  the  skidding  is  finished 
in  the  first  step,  providing  that  a  manage- 
able stand  of  reproduction  still  remains. 


4.  If  the  windfall  risk  is  above  average  and  tht 
trees  are  clumpy  — 

a.  The  first  cut  should  be  light,  removing 
about  15  to  20  percent  of  the  basal  area 
in  a  modified  group  selection.  Group 
openings  should  be  no  larger  than  om 
tree  height  in  diameter,  and  not  mort 
than  one-fifth  of  the  area  should  be  cui 
over  at  any  one  time.  All  trees  in  c 
clump  should  be  cut  or  left.  In  stands 
with  small  natural  openings  — about  ont 
tree  height  in  diameter  — the  openings 
can  be  enlarged  one  tree  height  by  re- 
moving clumps  of  trees  to  the  windward 

b.  Four  additional  entries  into  the  stand  can 
be  made  at  periodic  intervals,  but  no  new 
entry  should  be  made  until  the  openings 
cut  the  previous  entry  have  regenerated 
The  last  groups  to  be  removed  should  bt 
retained  until  trees  in  the  original  open- 
ings are  large  enough  to  provide  a  seecd 
source.  About  20  percent  of  the  basal  aresj 
should  be  removed  over  about  one-fifthi 
of  the  area  at  each  entry.  Group  openings 
should  be  no  larger  than  one  tree  height 
in  diameter. 

5.  If  the  windfall  hazard  is  very  high  — 

The  choice  is  limited  to  removing  all  the 
trees  or  leaving  the  area  uncut.  Clearedd 
openings  should  not  be  larger  than  regenera-i- 
tion  requirements  dictate,  and  they  shouldd 
be  interspersed  with  uncut  areas  of  at  leastl 
equal  size.  Not  more  than  one-third  of  thee 
total  area  in  this  vvind  risk  situation  shouldd 
be  cut  at  one  time. 


TWO- STORY 


Two-Storied  Stands 


)escription 


May   appear    to  be  two-aged,  but  usually 

contains  more  than  two  age  classes. 

Top    story    (dominants,    codominants,  and 

intermediates)  is  usually  spruce;  resembles 

a  single-storied  stand. 

Second  story  is  often  fir,  and  the  trees  are 

younger  and  smaller  in  diameter  than  the 

overstory.   May   consist   of  small  saw  logs, 

poles,  or  large  saplings,  but  is  always  below 

the   top    story    and   clearly   distinguishable 


from  the  overstory.  Trees  in  the  second  story 
are  overtopped,  but  not  suppressed. 

4.  May  contain  a  manageable  stand  of  advanced 
reproduction. 

5.  Arrangement  of  individual  trees  varies  from 
uniform  to  clumpy. 

6.  If  lodgepole  pine  is  present  in  the  stand  it 
is  usually  a  scattered  component  of  the 
overstory.  Lodgepole  pine  reproduction  is 
absent  or  sparse. 

Recommended  Cutting  Treatments 

Same  as  for  three-storied  stands. 


THREE- STORY 


Three-Storied  Stands 


Description 


1.  May  appear  to  be  three-aged,  but  usually 
contains  more  than  three  age  classes.  Oc- 
casionally two-aged,   but  is  never  all-aged. 

2.  If  three-aged  or  more,  top  story  usually  pre- 
dominantly spruce  and  resembles  a  single- 
storied  stand  except  that  there  are  fewer 
trees.  Second  and  third  stories  usually  con- 
sist of  younger,  smaller  diameter  trees  (that 
is,  small  saw  logs,  poles,  and  large  saplings), 
usually  fir.  In  a  typical  stand,  the  second 
story  will  be  10  to  30  feet  below  the  top 
story  and  consist  of  small  saw  logs  or  large 
poles.  Third  story  will  be  10  to  30  feet  below 
the  second  story  and  consist  of  small  poles 
or  large  saplings.  Although  the  second  and 
third  stories  are  overtopped,  the  trees  are 
usually  not  suppressed. 

3.  If  two-aged,  first  two  stories  are  old-growth 
with  spruce  in  the  top  story  and  fir  in  the 
second  story.  The  third  story  will  be  younger 
trees,  largely  fir,  of  smaller  diameter. 

4.  Frequently  contains  a  manageable  stand  of 
advanced  reproduction. 

5.  More  often  clumpy  than  single-  or  two-storied 
stands. 

6.  If  lodgepole  pine  is  present  in  the  stand,  it 
is  usually  a  scattered  component  of  the  top 
story,  but  may  occur  in  the  second  story. 
Lodgepole  pine  reproduction  is  usually 
absent  or  sparse. 


Recommended  Cutting  Treatments 

Trees  in  the  overstory  of  two-  and  three-, 
storied  stands  are  usually  more  windfirm  than 
those  in  single-storied  stands.  The  second  and 
third  stories  are  likely  to  be  less  windfirm  than 
the  top  story. 

1.    If  the  windfall   risk  is  below  average,  and 
the  trees  are  uniformly  spaced — 

a.    Where  there  is  not  a  manageable  stand 
of  advanced  reproduction: 

(1)  The  first  cut  can  remove  about  40 
percent  of  the  basal  area.  This  type  of 
cutting  is  heavy  enough  to  resemble  the 
first  step  or  seed  cut  of  a  two-cut  shelter- 
wood,  but  the  marking  follows  the  rules 
for  individual  tree  selection  — mature 
trees  are  removed  from  each  story.  Since 
the  overstory  is  likely  to  be  more  wind- 
firm,  selected  dominants  and  codominants 
of  good  vigor  and  free  of  defect  should 
be  left.  These  trees  are  also  the  most : 
desirable  seed  source.  Avoid  cutting  holes 
in  the  canopy  larger  than  one  tree  height 
in  diameter  by  distributing  the  cut  over 
the  entire  area.  Do  not  remove  dominant 
trees  in  the  interior  of  the  stand  that  are 
protecting  other  trees  to  their  leeward  if 
these  latter  trees  are  to  be  reserved  for 
the  next  cut. 

(2)  The  second  entry  should  be  the  final 
harvest  to  remove  the  remaining  original 
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stand  and  release  the  reproduction.  It 
cannot  be  made  until  the  new  stand  of 
reproduction  is  established.  If  the  residual 
volume  is  greater  than  about  10,000  board 
feet  per  acre,  the  final  harvest  should  be 
made  in  two  steps  to  avoid  undue  damage 
to  newly  established  reproduction.  The 
second  step  can  begin  as  soon  as 
skidding  is  finished  in  the  first  step, 
providing  that  a  manageable  stand  of 
reproduction  still  remains. 

b.  If  there  is  a  manageable  stand  of  advanced 
reproduction,  the  first  cut  can  be  an  over- 
story  removal  if  the  volume  is  not  too 
heavy.  Otherwise,  the  first  cut  can  remove 
40  percent  of  the  basal  area  on  an 
individual  tree  basis  as  long  as  the  more 
windfirm  dominants  and  codominantsare 
left.  The  timing  of  the  second  cut  is  not 
critical  from  a  regeneration  standpoint, 
providing  a  manageable  stand  of  repro- 
duction still  remains  after  the  first  cut 
and  can  be  saved. 

c.  The  manager  has  other  options  to  choose 
from.  He  may  elect  to  cut  less  than  the 
recommended  basal  area,  make  more 
entries,  and  spread  the  cut  out  over  a 
longer  period  of  time  by  delaying  the 
final  harvest  until  the  new  stand  is  tall 
enough  to  create  a  continuous  high  forest. 
He  may  also  elect  to  convert  these  stands 
to  an  uneven-aged  structure  by  making 
a  series  of  light  cuts  — 10  to  20  percent  of 
the  basal  area  —  at  frequent  intervals  —  10 
to  20  years.  Ultimately  the  stand  will 
contain  a  series  of  age  classes. 

If  the  windfall  risk  is  below  average,  and 
the  trees  are  clumpy — 

a.  The  first  cut  should  remove  about  40 
percent  of  the  basal  area  in  a  modified 
group  selection  cutting.  The  group  open- 
ings can  be  larger  (two  to  three  times 
tree  height)  than  for  single-storied  stands, 
but  the  area  cut  over  should  be  not  more 
than  one-third  of  the  total.  The  group 
openings  should  be  irregular  in  shape 
but  without  dangerous,  windcatching  in- 
dentations in  the  edges.  All  trees  in  a 
clump  should  either  be  cut  or  left. 

b.  Two  additional  entries  can  be  made  in 
the  stand.  They  should  each  remove 
about  30  percent  of  the  original  basal 
area  in  group  openings  up  to  two  to 
three  times  tree  height,  but  not  more 
than  one-third  of  the  area  should  be  cut 
over  at  any  one  time.  If  there  is  not  a 
manageable  stand  of  advanced  reproduc- 


tion, the  manager  must  wait  until  the 
first  group  openings  are  regenerated 
before  cutting  the  second  series.  Further- 
more, he  must  either  delay  the  cutting  of 
the  final  groups  until  there  is  a  seed 
source  or  plan  on  planting  these  open- 
ings. If  there  is  a  manageable  stand  of 
advanced  reproduction,  the  timing 
between  cuts  is  not  critical  from  a  regen- 
eration standpoint, 
c.  The  manager  has  the  option  of  removing 
less  than  the  recommended  basal  area 
and  cutting  less  than  the  recommended 
area  at  any  one  time.  This  will  require 
more  entries  and  spread  the  cut  out  over 
a  longer  period  of  time. 

3.    If  the   windfall   risk   is  above  average,  and 
the  trees  are  uniformly  spaced— 

a.  The  first  cut  should  be  a  light  preparatory 
cut  that  removes  not  more  than  20  per- 
cent of  the  basal  area,  on  an  individual 
tree  basis,  where  there  is  not  a  manage- 
able stand  of  advanced  reproduction. 
Predominants,  intermediates  with  long, 
dense  crowns,  and  trees  with  known 
indicators  of  defect  should  be  removed 
first,  but  maintain  the  general  level  of 
the  canopy.  The  objective  of  this  cut  is 
to  open  up  the  stand  but  at  the  same 
time  minimize  the  windfall  risk  to  the 
residual  stand.  Provision  should  be  made 
to  salvage  windfalls  after  spruce  beetle 
flight. 

b.  The  second  entry  into  the  stand  should 
not  be  made  within  10  years.  This  cut 
should  remove  about  30  percent  of  the 
original  basal  area,  including  the  salvage 
of  any  windfalls  that  occur  between  the 
first  and  second  cuts.  Because  the  second 
entry  is  the  seed  cut  the  best  dominants 
and  codominants  should  be  reserved  as 
a  seed  source,  but  it  is  important  that 
the  cut  be  distributed  over  the  entire 
area. 

c.  The  next  entry  is  the  harvest  cut  to  re- 
move the  remaining  merchantable 
volume  and  release  the  established  new 
reproduction.  However,  if  volume  of  the 
residual  stand  is  too  heavy,  the  final 
harvest  should  be  made  in  two  steps. 

d.  If  these  stands  contain  a  manageable 
stand  of  reproduction  and  the  volume 
per  acre  is  not  too  heavy,  the  first  cut 
can  be  an  overwood  removal.  If  the 
volume  is  too  heavy  for  a  one-step 
removal,  the  manager  should  follow  the 
recommendations  3a-c  because  the  wind 


n 


hazard  is  too  great  to  permit  a  two-step 
removal  in  a  stand  that  has  not  been 
previously  opened  up. 

It   the   windfall   risk   is  above  average,  and 
the  trees  are  clumpy— 

a.  The  iirst  cut  should  be  a  modified  group 
selection  that  removes  about  25  percent 
of  the  basal  area.  Group  openings  should 
be  kept  small  — not  more  than  one  to  two 
tree  heights  in  diameter  — and  not  more 
than  one-fourth  of  the  area  should  be  cut 
over  at  any  one  time.  All  trees  in  a 
clump  should  either  be  cut  or  left.  Small 
natural  openings  can  be  enlarged  one  to 
two  tree  heights  by  removing  trees  in 
clumps  to  the  windward  of  the  opening. 

b.  Three  additional  entries  should  be  made 
in  the  stand.  About  25  percent  of  the 
original  basal  area  should  be  removed  on 
about  one-fourth  of  the  area  each  entry. 


If  there  is  not  a  manageable  stand  of 
advanced  reproduction,  the  interval 
between  cuts  will  depend  upon  the  time 
required  to  regenerate  each  series  of 
openings.  The  manager  must  either  delay 
the  removal  of  the  final  groups  until  a 
seed  source  is  available  or  plant  the 
openings.  If  there  is  a  manageable  stand 
of  advanced  reproduction,  the  timing 
between  cuts  is  not  critical  from  a  regen- 
eration standpoint. 

5.    If  the  windfall  hazards  are  very  high— 

The  choice  is  usually  limited  to  removing 
all  the  trees  or  leaving  the  area  uncut. 
Cleared  openings  should  not  be  larger  than 
regeneration  requirements  dictate,  and 
should  be  interspersed  with  uncut  areas.  Not 
more  than  one-third  of  the  total  area  in  this 
windfall  risk  situation  should  be  cut  over  at 
any  one  time. 
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MULTI- STORY 


Multi-Storied  Stands 


Description 


1. 


2. 


1. 


J. 


Generally  uneven-aged  with  a  wide  range 
in  diameters. 

If  the  stand  developed  from  a  relatively  few 
individuals,  overstory  trees  are  coarse 
limbed,  fill-in  trees  are  finer  limbed.  Over- 
story  trees  may  be  relatively  vigorous. 
If  the  stand  developed  from  the  deterioration 
of  a  single-  or  two-storied  stand,  overstory 
may  be  no  limbier  than  fill-in  trees.  Much  of 
the  vigorous  growing  stock  is  below  saw 
log   size. 

Almost  always  contains  a  manageable  stand 
of  reproduction  as  a  ground  story. 
Fill-in  trees  may  be  clumpy,  but  usually  not 
the   overstory. 

Lodgepole  pine  may  occur  as  a  scattered 
component  of  the  stand,  usually  in  the 
overstory,  but  may  occur  in  all  stories  in- 
cluding reproduction. 


Recommended  Cutting  Treatments 

These  stands  are  usually  the  most  windfirm, 
:ven  where  they  have  developed  from  the 
deterioration  of  single-  and  two-storied  stands, 
because  by  the  time  they  have  reached  their 
^resent  condition,  the  remaining  overstory  trees 
ne  usually  windfirm. 

[.    If  the  windfall  risk  is  below  average- 
There  is  considerable  flexibility  in  harvesting 
these  stands.  All  size  classes  can  be  cut  with 

I  emphasis  on  either  the  largest  or  smallest 
trees  in  the  stand.  For  example,  the  first  cut 
can  range  from  removal  of  all  large  trees  in 
the  overstory  to  release  the  younger  growing 


stock,  to  a  thinning  from  below  to  improve 
the  spacing  of  the  larger  trees.  If  the 
manager  elects  to  make  an  ovei-wood  re- 
moval and  the  volume  is  too  heavy,  it 
should  be  harvested  in  two  steps.  There- 
after, cutting  can  be  directed  toward  either 
even-  or  uneven-aged  management,  with 
entries  made  as  often  as  growth  and  regen- 
eration needs  dictate. 

2.  If  the  windfall  risk  is  above  average  or  very 
high— 

The  safest  first  cut  is  an  overwood  removal 
with  a  thinning  from  below  to  obtain  a 
wide-spaced,  open-grown  stand  that  will 
develop  windfirmness.  Thereafter,  cutting 
can  be  directed  toward  either  even-  or 
uneven-aged  management. 

Modifications  to  Cutting  Treatments 
Imposed  by  Spruce  Beetles 

1.  If  spruce  beetles  are  present  in  the  stand  at 
an  endemic  level,  or  in  adjacent  stands  in 
sufficient  numbers  to  make  successful 
attacks,  and: 

a.  Less  than  the  recommended  percentage 
of  basal  area  to  be  removed  is  in  suscep- 
tible trees,  any  attacked  and  all 
susceptible  trees  should  be  removed  in 
the  first  cut.  This  will  include  most  of 
the  larger  spruce  trees  and  is  therefore  a 
calculated  risk,  especially  in  above- 
average  wind  risk  situations.  Further- 
more, the  percentage  of  fir  in  the  stand 
will  increase.  Provision  should  be  made 
to  salvage  attacked  trees.  The  remaining 
cuts  should  be  scheduled  in  accordance 
with  windfall  risk,  insect  susceptibility, 
and  regeneration  needs. 
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b.  More  than  the  recommended  percentage 
of  basal  area  to  be  removed  is  in  suscep- 
tible trees,  the  manager  has  three 
options:  (1)  remove  all  the  susceptible 
trees,  (2)  remove  the  recommended  basal 
area  in  attacked  and  susceptible  trees  and 
accept  the  risk  of  future  losses,  or  (3) 
leave  the  stand  uncut.  If  the  stand  is 
partially  cut  or  left  uncut,  probably  less 
than  half  of  the  residual  basal  area  would 
be  lost,  but  most  of  the  surviving  mer- 
chantable spruce  would  be  small-diameter 
trees. 

2.  If  an  infestation  is  building  up  and  the 
manager  chooses  to  either  partially  cut  or 
leave  the  stand  uncut  because  clearcutting 
is  unacceptable,  he  must  accept  the  risk  of 
an  outbreak  that  will  destroy  most  of  the 
merchantable  spruce  in  the  stand  and  spread 
to  adjacent  stands. 

Cutting  to  Save  the  Residual 

Before  any  cutting  begins,  the  manager  must 
determine  whether  he  has  an  acceptable  stand 
of  advanced  reproduction  and  if  he  is  going  to 
manage  it.  Furthermore,  he  must  ree\'aluate 
the  stand  after  the  final  harvest  and  slash  dis- 
posal to  determine  the  need  for  supplemental 
stocking.  The  same  criteria  used  to  evaluate 
advanced  reproduction  on  clearcut  areas  applies 
here  (Roe  et  al.  1970). 

In  partial  cutting,  protection  of  the  residual 
from  logging  damage  is  of  primary  concern.  The 
residual  includes  merchantable  trees  left  after 
shelterwood  cutting,  and  advanced  reproduction 
in  both  shelterwood  and  group  selection  cutting 
where  an  acceptable  stand  is  to  be  managed. 
Protection  begins  with  a  well-designed  logging 
plan  at  the  time  of  the  first  cut.  To  minimize 
damage,  skid  roads  must  be  layed  out  —  about 
200  feet  apart  depending  on  the  topography  —  and 
marked  on  the  ground.  These  skid  roads  should 
be  located  so  that  they  can  be  used  to  move 
logs  out  of  the  woods  at  each  cut.  Close  super- 
vision of  logging  will  be  required  to  restrict 
travel  of  skidding  and  other  logging  equipment 
to  the  skid  roads. 

In  shelterwood  cuttings,  trees  should  be 
felled  into  openings  as  much  as  possible,  using 
a  herringbone  pattern  that  will  permit  logs  to 
be  pulled  onto  the  skid  roads  with  a  minimum 
of  disturbance.  It  may  be  necessary  to  deviate 
from  the  herringbone  felling  angle  to  drop  trees 
into  openings.  If  this  is  the  case,  the  logs 
should  be  bucked  into  short  lengths  to  reduce 
skidding  damage.  Trees  damaged  in  felling  and 
skidding  should  not  be  removed  if  they  are  still 


windfirm.  In  group  selection  cutting,  the  felling 
pattern  should  be  similar  where  there  is  c 
manageable  stand  of  advanced  reproduction 
Otherwise  all  trees  should  be  felled  into  th< 
openings.  Both  shelterwood  and  group  selectior 
cuttings  require  close  coordination  betweer 
felling  and  skidding  because  itmaybenecessai-j 
to  skid   one  tree  before  another  tree  is  felled 


REGENERATION   PRACTICES 

Some  slash  disposal  will  probably  be  needed 
after  each  cut  but  it  should  be  confined  to  con- 
centrations and  that  needed  to  reduce  visual 
impact;  most  equipment  now  available  for  slash 
disposal  is  not  readily  adaptable  to  working  in 
shelterwood  cuttings.  Furthermore,  burning 
slash  will  cause  additional  damage  to  the 
residual.  Skid  out  as  much  of  the  down  sound 
dead  and  green  cull  material  as  possible  for 
disposal  at  the  landings  or  at  the  mill.  Some 
hand  piling  or  scattering  may  be  needed  where 
slash  disposal  equipment  cannot  be  used.  In 
group-selection  cutting,  if  there  is  not  a  manage- 
able stand  of  advanced  reproduction,  dozers 
equipped  with  brush  blades  can  be  used  to 
concentrate  slash  for  burning  in  the  openings 
cut.  Piles  should  be  kept  small  to  reduce  the 
amount  of  heat  generated.  Leave  some  of  the 
larger  pieces  of  slash  and  other  debris  in  place 
to  provide  shade  for  new  seedlings,  but  cut 
green  spruce  material  over  8  inches  in  diameter 
should  be  removed  or  treated  to  reduce  the 
buildup  of  spruce  beetle  populations. 

On  areas  to  be  regenerated  by  new  repro- 
duction, a  partial  overstory  canopy  or  trees 
standing  around  the  margins  of  small  openings 
provide  two  of  the  basic  elements  necessary  for 
regeneration  success  — a  seed  source  within 
effective  seeding  distance,  and  an  environment 
compatible  with  germination,  initial  survival, 
and  seedling  establishment.  The  manager  must 
make  sure  that  the  third  element  — a  suitable 
seedbed  — is  provided  after  the  seed  cut  where 
shelterwood  cutting  is  used,  and  after  each  cut 
where  group  selection  is  used.  Unless  at  least 
40  percent  of  the  available  ground  surface  is 
exposed  mineral  soil  after  logging  and  slash 
disposal,  additional  seedbed  preparation  is 
needed.  Until  special  equipment  is  developed, 
the  same  problem  exists  in  shelterwood  cuttings 
as  with  slash  disposal.  The  equipment  available 
today  is  too  large  to  work  well  around  standing 
trees.  The  smaller  machines  equipped  with 
suitable  attachments  will  have  to  be  used,  but 
they  must  be  closely  supervised  to  minimize 
damage  to  the  residual. 
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Abstract 

Literature  on  food  habits  of  the  Rocky  Mountain  mule  deer 
(Odocoileus  hemionus  hemionus)  was  reviewed  to  compile  listings 
of  reported  foods  of  this  species  throughout  its  range.  Plant 
species  are  classified  as  to  relative  importance  on  the  basis  of 
their  contribution  to  the  diet  in  99  studies  where  quantitative  data 
were  provided.  A  total  of  202  shrubs  and  trees,  484  forbs, 
84      grasses,   sedges   and  rushes,   and   18  lower  plants  are  listed. 
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Foods  of  the  Rocky  Mountain  Mule  Deer 


Roland   C.   Kufeld.   0.  C.  Wallmo,  and   Charles   Feddema 


Knowledge  of  the  relative  degree  to  which 
mule  deer  consume  various  species  of  plants 
is  basic  to  deer  range  appraisal  and  to 
planning  and  evaluating  habitat  improvement 
programs.  Although  numerous  mule  deer  food 
habits  studies  have  been  conducted,  individual 
studies  are  limited  to  a  specific  area,  and 
relatively  few  plant  species  are  found  in  the 
diet  compared  to  the  number  of  plants  eaten 
by  deer  throughout  their  range.  The  amount 
of  a  particular  species  found  in  a  given  study 
may  or  may  not  be  indicative  of  its  true 
importance  as  deer  forage.  In  preparing  this 
report,  we  have  evaluated  all  available  food 
habits  studies  to  determine  which  plants  are 
eaten  by  mule  deer,  and  their  relative  impor- 
tance as  reflected  by  the  degree  to  which  they 
are  consumed.  Relative  importance  of  plants 
in  this  report  does  not  infer  nutritional  quality 
or  the  status  of  a  species  in  relationship  to  a 
desired  stage  of  ecological  succession. 


Methods 

Only  those  studies  which  pertain  to  food 
habits  of  the  Rocky  Mountain  mule  deer 
(Odocoileus  hemionus  hemionus )  in  the  West- 
ern United  States  and  Canada  were  included. 
Studies  of  Rocky  Mountain  mule  deer  trans- 
planted to  areas  outside  their  normal  range 
were  excluded.  Locations  of  food  habits 
j  studies  evaluated  are  mapped  in  figure  1. 
1  Only  studies  meeting  the  following 
criteria  were  incorporated:  (1)  Data  musthave 
been  original  and  derived  from  a  specific 
effort  to  collect  food  habits  information.  Ref- 
erences containing  statements  of  what  deer  eat 
based  on  general  knowledge,  or  those  which 
summarized  previous  food  habits  studies  were 
excluded.  (2)  Data  must  have  been  listed  by 
species  and  reported  quantitatively  in  terms 
jthat  would  permit  the  categorization  used  in 


this  report.  (3)  Season  of  use  must  have  been 
shown.  (4)  Data  must  have  been  listed 
separately  for  mule  deer.  Studies  which 
referred  to  combined  deer  and  elk  use,  or 
mule  deer  and  white-tailed  deer  use  or  "game 
use"  were  excluded.  (5)  Studies  with  a  very 
limited  sample  (for  example  only  two  or  three 
stomachs)  were  excluded.  (6)  Deer  must  have 
had  free  choice  of  available  forage.  This  ex- 
cluded some  pen  feeding  studies.  (7)  Study 
animals  must  not  have  been  starving.  (8) 
Routine  management  surveys  of  browse  use, 
involving  fall  and  spring  measurements  of 
tagged  twigs,  were  excluded.  In  such  surveys 
not  all  available  species  were  measured,  and 
it  is  not  possible  to  be  sure  what  animal  ate 
the  plant.  Ninety-nine  studies  were  incor- 
porated in  this  summary. 

Methods  of  data  collection  were  divided 
into  five  categories:  stomach  analysis;  feeding 
observations  on  wild  deer;  feeding  observa- 
tions on  tame,  trained  deer;  ocular  judgments 
of  plant  use;  and  pen  feeding  studies  designed 
to  determine  relative  preferences  for  natural 
forage. 

Food  habits  studies  differ  widely  in 
methods  of  collecting  and  presenting  data;  in 
number,  relative  abundance,  and  availability 
of  plant  species  encountered;  and  in  number 
of  animals  using  the  study  area.  Thus,  firm 
guideUnes  cannot  be  established  for  comparing 
results  of  different  studies  in  terms  of  relative 
forage  preference.  In  every  study,  however, 
some  plants  comprised  a  greater  'portion  of 
the  sample  than  others.  It  is  impossible  to 
equate  the  various  kinds  of  quantification 
used:  volume  of  stomach  contents  measured 
by  different  methods,  weight  of  stomach  con- 
tents, instances  of  amount  of  apparent  use  on 
plants,  bites  taken  by  tame  deer,  or  weight 
consumed  in  "cafeteria"  feeding.  Therefore, 
we  categorized  the  quantities  recorded,  regard- 
less of  the  measurements  used,  in  three  broad 


Figure  1.— Locations  of  Rocky  Mountain  mule  deer  food  fiabits  studies  summarized  in  tfiis  paper.  Numbers  indica' 
literature  citations.  The  enclosing  line  is  the  distribution  boundary  of  the  Rocky  Mountain  mule  deer  as  report€ 
by  Taylor  (Taylor,  Walter  P.  1956.  The  deer  of  North  America.  668  p.  The  Stackpole  Co.,  Harrisburg,  Pa.).  Th 
portion  of  the  boundary  within  Arizona  and  New  Mexico,  however,  was  modified  to  conform  with  that  reporte 
by  Hoffmeister  (Hoffmeister,  Donald  F.  1962.  The  kinds  of  deer,  Odocoileus,  in  Arizona.  Am.  Midi.  No 
67:45-64.). 


groups:  heavily,  moderately,  or  lightly  eaten. 
Heavily  eaten  plants,  by  definition,  comprised 
i  major  part  of  a  food  sample  (usually  at  least 
20  percent).  In  a  few  cases,  plants  which 
comprised  less  than  a  major  portion  of  the 
'ood  sample  were  classified  as  heavily  eaten  if 
;heir  reported  contribution  to  the  diet  was  far 
m  excess  of  their  reported  vegetative  composi- 
;ion.  Moderately  eaten  plants  usually  comprised 
Detween  5  and  20  percent  of  the  food  sample, 
and  lightly  eaten  plants  comprised  less  than 
)  but  more  than  1  percent.  Plants  which  con- 
:ributed  less  than  1  percent  of  the  total  or 
ivere  reported  as  trace  amounts  were  excluded 
Tom  the  above  system  and  were  cited 
separately  in  the  summary  tables. 

Light  use  was  then  given  a  value  of  1, 
noderate  use  2,  and  heavy  use  3.  These 
rankings  were  then  summed  for  each  species 
Dy  season,  and  the  sums  divided  by  the 
lumber  of  citations  involved  to  obtain  a  mean 
rank.  Mean  ranks  were  then  categorized  by 
Symbols: -for  mean  ranks  of  1.00  to  1.49,  +  for 
1.50  to  2.24,  and  *  for  2.25  to  3.00.  This 
arbitrary  procedure  obviously  cannot  provide 
accurate  summary  quantification  of  the  studies 
nvolved,  but  the  mean  rank  of  a  species, 
dong  with  the  number  of  times  it  was  cited, 
luggests  its  relative  importance  in  deer  diets 
)ver  the  range. 

Data  were  separated  by  the  following 
easons  of  use:  Winter  —December,  January, 

fjbruary;  Spring  — March,  April,  May;  Summer 
June,  July,  August;  Fall  — September, 
itober,  November. 
1  Some  plants,  identified  as  to  species  in 
lie  original  food  habits  reference,  have  been 
sted  here  only  by  genus  because  the  identity 
f  the  species  is  questionable.  A  number  of 
lames  have  been  changed  from  those  used  in 
tie  original  studies  to  reflect  current  usage  in 
wildlife  management  and  in  recent  plant 
lanuals,  especially  those  covering  large  por- 
ions  of  the  Rocky  Mountain  mule  deer  range, 
'hese  changes  are  appropriately  keyed  in  the 
ummary  tables. 

Results 

easonal  Use  of  Major  Forage  Groups 

Percent  composition  of  shrubs  and  trees, 
Srbs,  and  grasses  and  grasslike  plants  (sedges 
nd  rushes)  in  Rocky  Mountain  mule  deer 
lets,  as  reported  from  selected  references 
Literature  Citation  numbers)  for  each  season 
f  the  year,  is  presented  in  table  1.  We  used 


only  those  references  in  which  information 
was  presented  in  such  a  manner  that  percent 
composition  of  major  plant  groups  in  the  diet 
could  be  easily  retrieved  by  season.  Shrubs 
and  trees  contributed  the  bulk  of  the  forage 
consumed  during  all  seasons  of  the  year  in 
most  of  these  references,  although  there  is  a 
great  deal  of  variation  among  references  in 
composition  of  forage  eaten. 

During  winter,  shrubs  and  trees  averaged 
74  percent  of  the  diet  in  these  selected 
references,  forbs  comprised  an  average  of  15 
percent,  and  grasses,  sedges,  and  rushes  11 
percent.  Consumption  of  grass  and  grasslike 
plants  was  quite  variable  in  winter  data, 
ranging  from  0  to  53  percent  of  the  diet. 

During  spring,  average  reported  consump- 
tion of  shrubs  and  trees  dropped  to  49  percent, 
and  forb  and  grass-grasslike  dietary  consump- 
tion rose  to  25  and  26  percent,  respectively. 
Reported  use  of  grasses,  sedges,  and  rushes 
was  highest  during  spring,  but  ranged  from 
4  to  64  percent  of  the  diet  among  the  selected 
references. 

In  summer  studies,  average  shrub  and  tree 
dietary  consumption  remained  at  49  percent, 
while  forbs  rose  to  an  average  of  46  percent 
and  grasses-grasslikes  dropped  to  3  percent. 
Consumption  of  forbs  was  highest  in  summer, 
ranging  from  3  to  77  percent  among  the 
selected  references.  Use  of  grasses,  sedges, 
and  rushes  as  a  class  was  lowest  during 
summer,  ranging  between  0  and  22  percent  of 
the  diet.  Lower  plant  forms  became  important 
food  in  some  areas  during  summer.  Hunger- 
ford  (44)  found  that  mushrooms  comprised 
66  percent  of  the  mule  deer  diet  on  the  North 
Kaibab  National  Forest  in  Arizona  between 
August  1  and  15. 

In  fall  data,  use  of  shrubs  and  trees  rose 
to  60  percent  of  the  diet  while  forbs  declined 
to  30  percent,  and  grasses-grasslikes  climbed 
to  9  percent.  Fall  forb  dietary  composition  was 
extremely  variable,  ranging  from  a  low  of 
2  percent  to  78  percent  of  the  total  forage 
reported.  In  the  grass-sedge-rush  category, 
composition  varied  from  0  to  24  percent  in 
fall  data. 

Seasonal  Importance  of  Individual 
Plant  Species 

Plant  species  eaten  by  deer,  and  their 
relative  importance  rankings  for  each  season, 
are  listed  by  shrubs  and  trees  in  table  2,  forbs 
in  table  3,  grasses  and  grasslike  plants  in 
table  4,  and  lower  plants  in  table  5.  Validity 


of  these  rankings  can  be  assumed  to  increase 
with  the  number  of  references  on  which  a 
ranking  is  based. 

Tables  2  through  5  also  show  the  references 
in  which  a  species  was  lecorded  as  a  trace 
amount  or  comprising  less  than  1  percent  of 
the  diet.  A  plant  that  has  been  reported  as 
comprising  less  than  1  percent  of  the  diet  in 
only  a  few  food  habits  studies  can  probably 
be  attributed  little  importance  in  management 
considerations.  However,  one  that  has  appeared 
in  numerous  studies,  even  though  never  con- 
tributing more  than  1  percent,  may  have  some 
significance  as  deer  food.  It  may  contain  some 
nutrient  that  deer  need  only  in  small 
quantities,  or  even  though  palatable  the  plant 
may  not  be  abundant  enough  on  the  range  to 
contribute  substantially  to  the  overall  deer 
diet.  Numerous  references  to  trace  amounts  of 
use,  in  addition  to  a  quantitative  ranking, 
would  no  doubt  lend  additional  significance 
to  consideration  of  a  plant  as  deer  food. 

Plant  names  in  tables  2  through  5  which 
were  changed  in  this  publication  from  those 
appearing  in  the  original  deer  food  habits 
references  are  listed  and  explained  in  table  6. 

Shrubs  and  trees  most  often  ranked  as 
heavily  eaten  were  Artemisia  tridentata, 
Cercocarpus  ledifolius,  Cercocarpus  montanus , 
Cowania  mexicana,  Populus  tremuloides, 
Purshia  tridentata,  Quercus  gambelliiandRhus 
trilobata.  Most  of  these  were  heavily  consumed 
only  during  certain  seasons  of  the  year.  Other 
shrubs  and  trees  frequently  reported,  but  with 
rankings  ranging  between  light  and  heavy 
depending  upon  the  season,  were  Amelanchier 
alnifolia,  Arctostaphylos  uva-ursi,  Artemisia 
cana,  Berberis  repens,  Ceanothus  velutinus, 
Chrysothamnus  sp.,  Chrysothamnus  nauseo- 
sus,  Chrysothamnus  viscidiflorus,  Juniperus 
spp.,  Pachystima  myrsinites,  Pinus  edulis, 
Pinus  ponderosa,  Prunus  virginiana,  Pseudo- 
tsuga  menziesii,  Ribes  sp.,  Rosa  sp.,Sa/ixspp., 
Shepherdia  canadensis,  Symphoricarpos  spp., 
and  Yucca  glauca. 

Relatively  few  individual  forb  species  were 
reported  heavily  eaten  in  a  large  number  of 
references,  although  many  forbs  were  fre- 
quently reported  to  be  consumed  in  moderate 
quantities.  In  studies  reporting  forbs,  a  large 
variety  of  species  were  usually  involved.  Thus, 
rarely  did  one  particular  species  consistently 
constitute  a  major  portion  of  the  diet. 

The  most  frequently  reported  forbs,  taken 
in  various  amounts,  were  Achillea  millefolium, 
Antennaria  sp. ,  Artemisia  frigida,  Artemisia 
ludoviciana.  Aster  spp.,  Astragalus  sp.,  Balsa- 


morhiza  sagittata,  Cirsium  sp.,  Erigeron  spp., 
Eriogonum  spp..  Geranium  sp.,  Lactuca 
serriola,  Lupinus  spp.,  Medicago  sativa, 
Penstemon  spp..  Phlox  sp..  Phlox  hoodii. 
Polygonum  sp.,  Potentilla  spp..  Taraxacum 
officinale,  Tragopogon  dubius,  Trifolium  sp., 
and  Vicia  americana. 

While  grasses,  sedges,  and  rushes  appear 
to  be  important  mule  deer  foods,  particularly 
in  spring,  most  authors  simply  lumped  them 
into  a  "grass  and  grasslike"  category,  and  did 
not    attempt    to  list  quantities    eaten    by 
individual  species.  Thus  the  actual    list    off 
grasses,   sedges,  and  rushes  eaten  by  mule 
deer  is  probably  much  more  extensive  tham 
presented   in    table    4.   Also,   the   number  off 
references  upon  which  importance  rankings- 
for  individual  grass  and  grasslike  species  are; 
based  in  table  4  would  undoubtedly  be  muchi 
greater  had  it  not  been  for  lumping  by  mosti 
authors.  Where  species  were  identified,  thee 
most  commonly  reported  were  Agropyron  sp.,,| 
Agropyron  spicatum,  Bromus  tectorum,  Carex(n 
spp.,  Festuca  idahoensis,  Poa  fendleriana.  Poem 
pratensis,  and  Poa  spp.   These  ranged  fromi 
light  to  heavy  in  quantity  consumed,  depend-i 
ing  upon  season  of  the  year.  No  sedges  on 
rushes  ranked  higher  than  light  in  any  season.: 

Little  information  is  available  on  the  im^ 
portance  of  individual  lower  plant  species  asi 
deer  food.  Most  of  the  species  in  table  52 
appeared  in  only  one  food  habits  study;, 
Authors  usually  lumped  lower  plants  into  a 
mushroom,  lichen,  moss,  or  fungus  category; 

The  Compositae,  Gramineae,  Rosaceae,  and( 
Leguminoseae  with  50,  30,  26,  and  21  genera^ 
respectively,  and  110,  55,  53,  and  51  named" 
species  were  the  most  abundantly  represented 
plant  families.  They  are  also  among  the  largest 
families  of  vascular  plants.  bj 

f 

Discussion 

All  methods  used  in  studies  of  deer  food  , 
habits   contain  problems,  either  in  identifica-i  P 
tion,  quantification,  or  both.  The  possibility  ol  I 
bias  toward  large,   conspicuous  plants  or,  iiij 
stomach  analyses,  slowly  digested  plants  oni. 
those  with  distinctive  morphological  features'! 
is  obvious.  Furthermore,  relative  abundance.!' 
availability,  and  palatability  of  plants  on  thei' 
ranges  where  the  individual  studies  were  madei 
influence    their  presence  in  the    diet.    Thiiij 
summary  cannot  take  such  factors  into  account. 
Nevertheless,  we  feel  that  the  relative  rankings 
and  the  number  of  citations  for  the  various  '  ' 
species    can    offer   managers  some    genera]    'i 


guidelines  for  recognizing  species  of  conspic- 
uous importance  as  foods  for  Rocky  Mountain 
mule  deer. 

Since  rankings  contained  here  are 
averages,  some  deer  managers  working  where 
food  habits  have  been  studied  extensively  may 
feel  that  certain  ratings  are  too  high  or  low 
for  their  particular  area,  which  may  very  well 
be  true.  However,  the  real  benefits  from  these 
rankings  should  be  realized  by  managers  who 
lack  sufficient  data  to  determine  the  relative 
importance  of  plants  in  their  area,  and  by 
managers  who  want  to  revegetate  ranges  with 
plant  species  known  to  be  good  deer  forage. 
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Table  1.  Seasonal  composition  of  shrubs  and  trees,  forbs,  and  grass  and  grasslike  plants  in  data  from  selected  references 


State 


Literature 
citation 


Kind  of 
data  1 


Shrubs  & 
trees 


Percent  composition 


Forbs 


Grasses  S 
grasslikes 


Other^ 


Total 


Winter 


Montana 

17 

19 

30 

49 

51 

59 

60 

61 

67 

70 

72 

75 

86 

" 

96 

Idaho 

91 

Montana, 

Id 

a  ho 

&  N.E. 

Was 

hington 

24 

Wyomi  ng 

97 

Colorado 

8 
9 

" 

10 
14 

California 

54 

" 

55 

56 

u 

0 

s 

u 

U  &  S 

s 
u 
s 
s 
s 
s 
u 
s 
s 


Arizona 


^69 


62 

29 

7 

98 

79 

6 

15 

100 

60 

40 

0 

100 

71 

27 

2 

100 

96 

4 

0 

100 

78 

20 

1 

99 

87 

10 

2 

99 

75 

24 

1 

100 

27 

20 

53 

100 

48 

37 

15 

100 

37 

43 

20 

100 

73 

22 

5 

100 

90 

9 

0 

99 

66 

18 

14 

98 

62 

2 

32 

3          99 

89 

5 

5 

1         100 

77 

17 

6 

100 

98 

2 

0 

100 

94 

4 

2 

100 

00 

0 

0 

100 

97 

2 

1 

100 

61 

7 

32 

100 

72 

5 

23 

100 

84 

0 

16 

100 

67 

22 

11 

100 

51 

21 

28 

TOO 

Spring- 


Men 

;ana 

30 
53 
60 
61 
67 
70 
72 

86 
96 

Col 

arado 

8 
13 
14 

Gal 

ifornia 

54 
55 
56 

Arizona 


65 
69 


59 

24 

17 

41 

21 

38 

52 

35 

13 

37 

30 

33 

6 

30 

64 

29 

39 

31 

37 

43 

20 

61 

27 

11 

24 

40 

37 

92 

4 

4 

58 

0 

42 

79 

9 

12 

29 

36 

35 

67 

8 

25 

86 

1 

13 

46 

32 

22 

29 

40 

31 

100 
100 
100 
100 
TOO 

99 
100 

99 
101 

100 
100 
TOO 

100 
100 
100 

100 
100 


Montana 


30 
49 
51 
59 
60 
61 


S 

U 
u  & 
s 
u 
s 


Summer-' 


42 

57 

1 

60 

40 

0 

51 

47 

0 

20 

66 

2 

43 

56 

0 

12 

66 

22 

12 


100 
100 

98 
100 

99 
100 


See  footnotes  at  end  of  table,  p.  12. 
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Table  1.  Seasonal  composition  of  shrubs  and  trees,  forbs,  and  grass  and  grasslike  plants  in  data  from  selected  references 
(continued) 


State 


Literature 
citation 


Kind  of 
data  1 


Shrubs  & 
trees 


Percent  composition 


Forbs 


Grasses  & 
grasslikes 


Other 


Total 


Summer  (continued)" 


Montana 

67 

" 

70 

" 

86 

" 

95 

" 

96 

Colorado 

14 

California 

54 

" 

55 

Arizona 


J  44 

69 

'69' 


36 

62 

2 

95 

3 

2 

22 

75 

2 

64 

34 

0 

19 

77 

3 

94 

6 

0 

54 

35 

11 

80 

20 

0 

42 

54 

4 

52 

45 

3 

'6t 


100 
TOO 
99 

100 
99 

100 

100 
100 


100 
100 


Fall 


Montana 


Wyomi  ng 

North  Dakota 

So.  Dakota  & 
Wyomi  ng 

Colorado 

Utah 

Oregon 

California 

Arizona 


51 
59 
61 
67 
70 
86 
96 

2 

3 

63 

42 

14 

47 

35 

54 
55 
56 

,62 
!69 
'69 


u  &  s 
s 
s 
s 
s 
s 
s 

s 
s 


58 

39 

2 

44 

53 

3 

44 

53 

3 

3 

78 

19 

46 

35 

19 

73 

21 

6 

73 

24 

3 

60 

34 

6 

5 

73 

22 

86 


76 

14 

6 

97 

3 

0 

83 

10 

7 

70 

5 

12 

71 
86 
86 

5 
9 
2 

24 

5 

12 

60 
23 
58 

33 
65 
40 

7 

12 
2 

2 

4 

12 


99 
100 
100 
100 
100 
100 
100 

100 
100 

100 

100 

100 

100 

99 

100 
100 
100 

100 
100 
100 


1 


S  =  stomachs;  0  =  Feeding  observations  of  wild  deer;  T  =  Feeding  observations  of  tame  deer;  U  =  Ocular  judgments  of  plant  use. 


Lichens,  mushrooms,  unidentified  material,  or  crops. 

3 

Winter  =  December,  January,  February;  Spring  =  March,  April,  May;  Summer  =  June,  July,  August;  Fall   =  September,  October, 
November. 

4 
Data  from  the  pinyon-juniper  type. 

5 
Data  from  the  ponderosa  pine  type. 

6 

Sixty-six  percent  of  the  diet  between  August  1  and  15  was  comprised  of  mushrooms. 
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Table  2.  Shrubs  and  trees  reported  as  foods  of  Rocky  Mountain  mule  deer 


Consumption 

ranki 

nqs^ 

Plant  name' 

W 

inter 

Spring 

Summer 

Fall 

Literature  citations 

Afa^ei 

1 

3 

AbleA  concoloK 

- 

3 

- 

3,   1 

* 

4,   2 

- 

1, 

2 

44,55,62,73,87,88,89,35,54,55,87 

AbisA  ttuiocoApa 

1 

3 

1 

65,94,95 

AcxLcia  gie^g-U 

1 

1 

1 

69 

AceA 

- 

1 

- 

1 

1 

83,45 

Ace/i  gla.b'um 

* 

1, 

5 

1 

+ 

2,   1 

3 

49,75,78,  5,11  ,15,52,88,94,97 

AceA  g>iandide.ntcUwn 

- 

2, 

2 

+ 

1 

71,77,78,37,80 

AceA  nigando 

1 

+ 

1 

+ 

1 

33,34,34 

Atmii, 

2 

1 

+ 

1 

52,15,52,88 

Atnui  iinuata 

2 

- 

1 

96,91,96 

Atnui  tznui^otla 

+ 

2, 

1 

+ 

1,   1 

1 

7,65,95,11,25,94 

AmeXanctUeA 

+ 

1  , 

1 

+ 

2 

+ 

2 

,2 

42,74,82,93,15,93,99 

AimZanckleM.  aZuidolla 

+ 

il' 

3 

+ 

12,   3 

+ 

13,  2 

+ 

9, 

4 

4,  8,  9,10,11,12,14,18,22,23,26, 
27,28,30,38,46,48,49,50,52,54,61, 
75,77,78,79,80,83,94,97,98,  5,29. 
35,54,55.56,61,63,82,91 

AmeMinclUeA  utahzniii 

+ 

1, 

2 

_ 

1,  2 

1 

1 

64,68,69,99 

AAczutkobium 

1 

. 

1 

. 

1 

99,99 

AAdzuZhoblum  campijlopodwn 

1 

1 

1 

5T,55,56 

Aiczathob.ium  ^OQ-inaXum 

1 

1 

69 

AncXo6taphytoi 

- 

1 

1 

54,99 

AictoitaphL/loi  paXuZa 

+ 

2 

+ 

2 

+ 

1,   1 

+ 

4, 

1 

35,47,54,55,56,54,88 

Afictoitaphyloi   pungzni 

1 

2 

1 

69,99 

AActoitapkijtoi  u.\ja-uMsi 

+ 

5, 

6 

+ 

7,   1 

5 

+ 

3. 

5 

7,18,19,42,49,59,75,86,88,94,  2, 
5,11,15,49,52,59,65,86,88,94 

A/iXem-iAia 

* 

7, 

1 

+ 

7 

+ 

i.   1 

+ 

7, 

3 

22,23,26,27,28,29,33,39,47,65,72, 
74,99,16,32,52,94 

A/itanLiia  oAbuicuZa  # 

+ 

4, 

1 

+ 

2 

+ 

2 

37,58,77,93,25 

AnXvn-Uiia  cana 

* 

7, 

1 

+ 

6,   1 

+ 

2,   1 

+ 

11- 

2 

3,16,30,32,33,34,40,47,51,57,60, 
63,82,  2,   7,33,35,51 

AnXemliia  t/vidzntaXa 

47, 

3 

* 

30,   1 

2,   5 

+ 

YL^ 

5 

1,   3,   5,   7,  8,  9,10,11,12,13,14, 

15,17,18,21  ,25,30,31,34,35,37,40, 

43,45,48,49,51,54,55,56,57,58,60, 

62,64,68,71 ,72,73,77,80,82,83,84, 

85,86,89,90,91  ,92,93,94,96,97,98, 

99,  2,16,33,34,54,55.63,65,86,94, 

59 

AnJiem-iila  tfu-pcuvtita. 

+ 

3 

+ 

2 

_ 

1 

85,86,89 

AXxxplix 

- 

1, 

1 

+ 

1 

1 

40,73,   1,  2,39 

AXAJ.plex  canMceni 

- 

1, 

1 

+ 

1,   1 

- 

2, 

2 

54,62,99,  3,28,39,99 

AVUplex  condeAtiiotia. 

+ 

2 

- 

3 

- 

1, 

1 

8,14,51,68,22 

KtAA-plex  mWtjxXZii 

- 

2 

- 

1,   1 

30,60,60 

ZvibVLOi  # 

1 

. 

1 

1 

55,15,54 

Zvxhojuj^   diemontU 

1 

1 

99 

BeAbzxa,  haemaXocjvipa: 

87 

8eAfaeA/64  lepeni   # 

+ 

15, 

8 

+ 

8,  8 

5,  9 

+ 

12, 

7 

7,  9.10,11,12.14,23,33.42.46.47. 
49,50,52,59,64,70,72,78.79,82,89, 
92.93,  1,  2,   3,  8.14.16.33.35.37, 
40,44,59.65,68.69.70.83.84,89,93. 
94.97.99 

Beiala. 

1 

1 

45 

BeXuZa  gia.nduZoia 

+ 

1 

- 

1 

- 

1 

61,65,75 

BeXala  occyidzntdtU  # 

- 

1, 

2 

+ 

T,  1 

78,86,85,91,97 

Cattiandm 

1 

1 

87 

CaZUandfia  eAlopkyUa 

+ 

1 

+ 

1 

1 

39,39 

Canagana  oAfaoAMceni 

* 

1 

53 

CeRnothui 

1 

35 

Czanothui  diuiMidotiui 

. 

1 

25 

Cionothwb   iindleAi 

+ 

1, 

1 

+ 

2,   1 

+ 

3,   1 

- 

2, 

1 

44,69,87,99,69,94,99 

Cuanotkii  glzqU. 

+ 

1 

- 

1 

+ 

1 

1 

69,39 

Ceanothui  mcuvtiyuA. 

1 

1 

23 

CeanothiM  ovatai 

1 

1 

* 

1 

66,66 

Cianothui  pioitlaXui 

+ 

4 

+ 

2,   1 

- 

2 

+ 

3 

2F.54,55,56.54 

CeanothiU  vzluitinui 

+ 

14 

+ 

h  1 

6,   1 

+ 

Ji. 

' 

2.  4,15.22.25,26,27.31,35,42,49, 
50.52.54,55.56.71,75.77,78.90,92, 
93,52.84.94 

CdACJoaVLpuA 

+ 

6 

1 

* 

2 

• 

1 

8,  9,10.11,12.14,54,14 

See  footnotes  at  end  of  table,  p.  17. 
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Table  2.     Shrubs  and  trees  reported  as  foods  of  Rocky  Mountain  mule  deer  (continued) 


Plant  name 


Winter 


Consumption  rankings^ 


Spring 


Summer 


Fall 


Literature  citations^ 


CeAcocflApoi  be-tuZo-idti 

CeAcoaiApui  b>ie.viito>iLU, 

CeAcocoApuA  iiWUctUuA 

CeAcocoApui  le.(U(iOtiui 


CeAcocoApui  montanui 


22 


13 


- 

1 

+      1 

23 

+ 

T 

+      1 

69 

99 

6,   6 


+       2,  2 


8,2  *     13,   1  15.22,23,25,26.27,28,29.31,37,43, 

^7748,54.55.56.58,71 ,74,77,78,80, 
82783,84,85,86,89.92,93.23.35.48. 
54,55,56,86.89,93 

3,1  +5,2  3,20,37,39,47,48,64.65,71.74,77. 

78.80.82,83,87,88,97.  2.39,68.87. 


Ch)iy6otliamnui 


Clviyioihamnui  depieiiui 
Clviy6otluunnui   nawizoiuA 


ChAyiothtmnai  pajuiyi 
ChAyioihamma  puZdieZtuA 
Chtyiotliammii  v-UcidiitoluA 


Cotzogym  Aomoi-ia-una 
CoAnui  itolonifjUAa. 
CotomaitVL  acutxiotia 
Couiania  mvU.Cja.vw.  # 


CAotae^uA 

Cnatazgui  dougiaili 
VaZea.  ^onmoia 
E^aeognui  angtatiiotia 
Btaui^nwl,  commwtata. 
BphtdACL 

Bphe.dAa  nevadimti 
Eph.e.dAa  \jinJ.dLu> 
BuAotia  tatwUa 
faiZagia  poAadoxa. 
Fe.ndZeAa  Aupico£a  It 
VdndHtAzlZa.  uXaheni.U 
FoAe^tizna.  ne.omexicM.na 
foA&eZZeiia  =  GloaopetaZon 
ToA&eJU-zitAji.  ne\!a.deniii  = 
Gtoi6opeXaZon  neuadeti4-c6 

fAoxXnu^  penniylvanZacL  § 
GoAAya  iMA^ghXiA. 
GloiiopeXaZon  =  FoAieZle^la 
GtoiiopeXaton  nevadeniii  = 
foAieJU.e.l>.ia  neuademiA, 

HoZodiicui  # 
HolodCicui  dunoiuA 
JameJiixi  ameAA-cana. 
Jugiani  majoA 
JunipeAui 


JufU-pCAuA   communis 


JunipeAoi  deppeana 
Juncpe/uu  hoAizontaZii 
JaniptAui  oazidenXaJLii, 
JanipeAui  06te06peAma  # 


JunipeAui  icopuZoAim 


+     14,  2 


+      1,   1 
+     23.   1 


10,   1 


3,   2 

8,   1 


1 
2,  1 
1'  1 
1.  1 
i,  2 
1,   1 


1,   1 


+     14.   2 


8,  6 


2 
7 

7,   1 
IT,   3 


7,  7 


6,  4 


+       3,4 

1 

*       2.   2 


16,  3 


9,   1 


6,  2 


1.   l 
4 

3,  1 

4,  3 


i,  3 


1,  3 


3,   1 


3 
4,    1 


1 
1,  1 

1 

1 

* 

]_ 

2 

1 
T 

-  1 

-  T 

-  T 

- 

1 

T 

2 
1,  2 


2,   2 

2 

2 

1 

i>   2 

1,   1 


+     11,   2 


4,   5 


1 
2,  3 


1 
3 

4,   1 


1 
1 

1'  1 
1 
2 
1 
1 
1 


+       1 


+       1 


+       4.   6 


3,   5 


1 

2,  1 
4,  1 
4.   1 


4.  4 


2.  8.  9.11.12.14.21.22.23,33.34. 
39.40,47.60,65.68.72.73.89,99.  1, 
8.22,23.33.34.45.88.99 

64.99 

7,15,16,18,30,31  .33.37,46,51  ,54, 
55,57,58,60,64,71,77,80,82,83,85", 
86,88,91,97,98.18,32,54.55,56,60, 
84,86,90,94 

94 

99 

17,35,48,55,57,58,60,64,86,94,98, 

54,55,56,60,85,94 

23 
5.17,30,75,78,82,15,17,18 
54 

23.29.39.48.62.69,73.77.78,80,82, 
59723769 

49_ 

96,49,96 
87 
53 

30,30 

64,73.82,82 
29^.22,28 
8.14,99.99 
13,40,53,64,97,99 
53,99,39,87,99 
69.99 
99 
69 
59_,99 

99 

42 

39,69 

55;,99 

99 

83,11 
37,88 

M — 

84 
8,  9,10.13.14.30,33,39,40,41.66, 
68,71,74,83.84,87,99,   1,  2.11.16, 
30,33,39,66,87,99 

7,17,30,34,40.42.49.59,75,86,  3, 
11,12,19,30,40,63.65,85,94,97,99 

69,87.69,87 

"7730,34,49,59,61,63,75,16 
15,21 ,31 ,35,54.55,57,93.25.55 
22.23,28,29,37.43.48,62.64.73,77. 
82,99.22.69.80,99 

5,17,18,19,30,33,37,45.49.60,65, 
72,77,80,85,86,88,96,98,16,17.60. 
84.86,88.94.96,97 


See  footnotes  at  end  of  table,  p.  17. 
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Table  2.   Shrubs  and  trees  reported  as  foods  of  Rocky  Mountain  mule  deer  (continued) 


Consumption 

ranki 

nqs^ 

Plant  name 

W 

inter 

Spring 

Summer 

Fall 

Literature  citations^ 

LiboazdAai   dtcaXAtnA 

1 

1 

2 

2 

56,54,55,56 

Linnaexi  boie/itU  # 

1 

42 

LoniczAa 

1 

* 

1 

53,11 

LonicMM.  oAizotUca 

1 

W 

LoniceAo.  ■invotuCiata 

+ 

1, 

1 

1 

78,94 

Ue.nz.iuioL  dwuxqinza  # 

+ 

1 

+ 

1 

52,95 

Pachijitima.  myiiinAJtu  # 

* 

2, 

3 

" 

1,  3 

+ 

1. 

2 

+ 

i. 

1 

3,  8,14,47,54,74^78.92,94,10,11, 
15,87,88,94,99 

PeJAophytum  aaupitoium 

- 

1 

37 

PhitadeZphiLi  Zmli-U 

- 

1, 

3 

+ 

1 

- 

1, 

* 

1 

70,96,15,70,91,96 

Photad^ndAon 

1 

39 

Pko/iadtndAo  n  janipMJ.nim   # 

1 

- 

1,   1 

- 

1, 

1 

15,62,87 

Phonade-ndnon  vtiZoium 

- 

1 

69 

PhyiocoApui  malvace.ai 

- 

1 

+ 

2, 

+ 

2, 

1 

52,78,81,82,52,82 

PhyiocxLtpui  monogymn 

1 

88 

Plce.a 

- 

1, 

1 

73,65,99 

P-Lcza  e.ngeImannAj. 

94 

Pinui 

1 

2 

16,32,39,65,99 

Pinwi  aZbicMitii 

95 

P-inuA  banki-Oina 

+ 

1 

+ 

1 

66 

P-cna4   contoita 

' 

1, 

2 

+ 

2,   1 

~ 

1, 

~ 

1, 

3 

7,19,65,76,94,  3,17,25,35,76,91, 
94,95,97 

Plvuxi,   zdutii, 

+ 

8. 

1 

+ 

6,   2 

3 

- 

3, 

1 

8,  9,10,13,14,62,64,73,87,88,99, 
14,68,69,87 

P-Lnm   dlixUZii 

- 

2 

3 

1 

• 

1 

17,86,   3,   7,85,87 

PinuA  monophylta. 

+ 

3 

+ 

3 

+ 

1 

23,28,29 

P-LnuA  pondeJioiCL 

+ 

]]_, 

1 

+ 

10,   3 

3. 

5 

+ 

5. 

10 

5,  7,15,18,33,34,39,40,44,51,59. 
54,55,65,66,69,70,73,87,88,89.34. 
35,42,45,54,55,56,59,69,70,87 

Plnui  iyZvutfUi 

1 

66 

PopuZoi 

1 

+ 

2 

+ 

1 

+ 

2 

16,33,45,72,65 

PopuZuii  cicim-inata 

1 

- 

1 

88,88 

Popalai,  ayigiiitiioticL 

- 

1, 

1 

+ 

1 

12,88,11 

PopuZLui  deZtoidu 

- 

1 

63 

PopatuA  iaAg&ntii 

+ 

1 

61 

Popalai  tfiemaloideA 

+ 

il. 

3 

+ 

5,  2 

+ 

18, 

4 

* 

16, 

4 

1,   7,10,11,12,14,17,26,27,30,35, 
37,39,44,46,47,48,49,52,59,61,65, 
71,73,75,76,78,79,82,86,88,92,93, 
94,97,99,  3,15,27,42,54,55,56,61, 
63,65,69,87,94 

Popalui  VUchocoApa 

_ 

1, 

1 

_ 

1 

_ 

1 

96,91 

Pote.tvtMa  dlaticoia 

- 

1, 

1 

1 

1 

8i,ll,69,94 

Pxoiopii  jujaitoiOL 

1 

1 

69 

Piama 

1 

+ 

1,   1 

- 

2, 

2 

- 

3, 

4 

33,63,66,81,   3,32,35,55,69 

Plutiui  amwicjuncL 

+ 

1 

33 

PnunuA  andvi&oniA. 

- 

1, 

1 

+ 

2 

- 

1 

28,55,56,55 

Piunui  emoAginaXa 

3 

+ 

1,  1 

+ 

4 

+ 

3, 

1 

22,27,55,93,15,27,91,92,93 

Pnunui   ^CLSiUcuZaia 

* 

1 

54 

Plamn   vVig-iniana.  # 

+ 

20, 

6 

+ 

]±,  9 

+ 

24, 

2 

+ 

20, 

2 

4,   7,  8,11,12,14,16,17,20,22,23, 
26,27,30,34,37,46,48,49,50,51,52, 
54,55,56,60,61,64,65,67,70,75,76, 
77,78,79.80,82,86,88,90,91,92,93, 
94,96,98,  9,14,15,18,27,30,49,54, 
55,60,61,70,83,84,87,93,94 

Pieudotiuga  me.nzA.u-U  ft 

+ 

23, 

3 

+ 

15,  2 

■ 

2, 

2 

+ 

9^, 

4 

1,  5,   7,11,14,15,17,18,19,34,37, 
39,41,44,45,49,58,59,60,65,67,70, 
72,75,86,88,89,96,97.99,  5,14,34, 
59,70,71,86,94,96,99 

PteZza 

1 

1 

69 

PuAiiUa  gianduJioia 

* 

2 

+ 

2 

* 

1 

* 

1 

23,28 

PuUtUa  tfU.dc.nX.ata. 

* 

35 

+ 

14,  4 

TO, 

1 

* 

14, 

2 

1,   2,  8,11,12,13,14,15,20,21,22, 
25,27,29,31,35,37,43,47,48,53,54, 
55.56,57,58,64,65,71,74.77,78.79. 
80 .82 .83 .89 ,90 .91 ,92 .93 ,94 ,96 .97 , 
98.26,54,68,84,92,94,99 

See  footnotes  at  end  of  table,  p.  17. 
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Table  2.  Shrubs  and  trees  reported  as  foods  of  Rocky  Mountain  mule  deer  (continued) 


Plant  name 

Consumption 

rankings^ 

Literature  citations 

Wi 

nter 

Spring 

Summer 

Fall 

QUZACIU) 

* 

1 

* 

1 

* 

1 

39 

Quzucui  chAyioZzpli 

- 

1 

73 

QueAcuA  gambettU 

+ 

jl,  1 

+       5,2 

* 

9 

* 

10 

"5,  9,10,11,14,38,47,48,62,64,69, 
73,77,78,80,82,87,88,99,88,99 

Quficui  kcZZoggli 

1 

1 

1 

+ 

1 

55,55 

Que/icui  macAocoApa 

- 

1 

42 

QueACM  tuAhineJ^a 

+ 

1 

+       1 

- 

1 

1 

69",  69 

QueJicui  andiUaXa 

+ 

2 

+     T,  1 

* 

1,   1 

* 

1, 

1 

69,87,69 

QaeJUMi  MccUniiolia 

■* 

1 

25 

Rhamnai  cAocea 

+ 

i 

-      1 

- 

1 

69 

R/iui 

* 

T 

13 

Rhai  glabna  # 

- 

1,   1 

1 

* 

1 

1 

78,83,42,71,83 

Rhui  ladicani  # 

1 

1 

1 

66,69 

Rkui  VUtobaXa^ 

+ 

9,   5 

+       4,   1 

* 

8,  2 

* 

TO, 

5 

11,16,23,30,32,33,34,39,40,51,53  , 

60,63,64,65,75,82,   2,28,34,39,69, 
87,88 

RlbiA 

. 

3,  7 

-       1,   7 

+ 

7,  6 

_ 

5, 

3 

17,18,35,36,44,52,56,64,78,79,85. 

88,93,  5,  7,11,12,15,16,17,20,33, 
45,65,69,86,87,88,93,95,97,99 

Rtbe*  awizum 

+ 

2 

_ 

1, 

25,30,78,30 

llibei  ceAeum 

- 

i-   1 

2 

65,52,94 

Ribe*  coloiadzniz 

94 

Rtbe6  lacaitte. 

94 

Ribu  ie.pianthum 

1 

94 

Rlbe^  nzvade.ni>-u> 

- 

1 

25 

Rifaei  i^jtoium 

- 

2 

_ 

1 

30,96 

Robinia 

1 

91 

RobltUa  ne.ormxica.na 

1 

- 

1,   3 

2 

44,69,87,99 

Robinia.  pieudoaca<u.a. 

* 

T 

51 

Roia 

- 

6,14 

+      8,   3 

+ 

17.   7 

+ 

R' 

7 

"T.M, 23, 26, 30, 32, 33, 34, 36, 40, 42 

46,49,59,60,61,63,64,65,66,76,78, 
79,81,82,85,88,93,97,  2,   3,  7,11, 
12,14,15,16,22,27,33,34,49,52,59, 
60,65,69,75,83,86,88,91,99 

Roia  a.cUcultvU6  # 

_ 

2,   1 

3 

. 

2 

. 

2 

17,94,96,17,94,96 

Ro&a  oAkamana 

+ 

1 

- 

1 

51 

Roia  catiiolrUaa. 

1 

-       1 

1 

+ 

1 

55,55 

Roia  u)oodi<A.  # 

- 

1.   1 

- 

1.   1 

1 

T7',44,  5,   7,99 

Ruba6 

-       I 

+ 

2,  2 

1 

76,96,44,94,99 

Riibai  nnomexicanai 

1 

44 

Rubui  poAvlHoKtilt 

1 

+ 

1,   1 

1 

78,1-"  ,94 

Rubui  iVUgoiui 

1 

44 

SaJUx 

- 

8,  8 

-       6,   3 

+ 

i'  3 

+ 

9_, 

5 

3,12,17,22,30,42,52,55,56,63,55, 

66,72,75,76,82,83,86,88,93,94,95, 
2,  7,11,15,16,27,35,55,65,66,69, 
87,88,91,92,93 

SaZix  anglolum 

1 

94 

SatiK  behbiana 

* 

1 

78 

SatLx.  bnja.chijcjan.pa 

+ 

T 

94 

SaJUx  exigua 

-  ■" 

2 

* 

1 

77,78,80 

Satix  icx>uZ<>AA.ana 

* 

1 

78 

SambacuA 

- 

1 

. 

2,  2 

. 

3, 

1 

52,81,83,93,27,65,92 

Sambucu4  coeAulea.  # 

- 

I.   1 

* 

2 

* 

T, 

1 

77,78,80,82,15,23 

Sambucui  nacimoia.  # 

+ 

I.   2 

1 

78,44,94 

SoAcobaXaii  \jMmA.cjuZaiu6 

+ 

2,   2 

1,   1 

1 

30,60,15,60,94 

ShzpheAdia 

-      T 

_ 

1 

40 

ShzpheAdia  OAQZntexi 

1 

1 

* 

? 

+ 

2, 

1 

30,53,63,16,30 

ShipheAdla  camdemli 

~ 

3,   4 

-       3,   1 

- 

4 

- 

2, 

1 

2,17,19,49,65,75,86,88,94,15,52 
85,97 

Sokbui 

+ 

1 

+ 

1 

52 

Solbui  icopuZina 

* 

2 

78,95 

SpiKaexi 

2 

15,83 

SpVuiea  beZuti^olia 

- 

2,   1 

+ 

1.   1 

+ 

1 

5,49,49,75 

Spiruiza  dcnimoia. 

1 

95 

Sympho/UcoApoi 

+ 

7,   7 

*       5,  2 

+ 

12,  4 

+ 

10, 

6 

3.  8.11,14.16,30,33,40,45,51,58, 

59!60l65,75,78,79,87,92,$5,  2,  $, 
14,15,20,30,35,54,59.61,88,97.99 

See  footnotes  at  end  of  table,  p.  17 
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Table  2.  Shrubs  and  trees  reported  as  foods  of  Rocky  Mountain  mule  deer  (continued) 


Consum 

ption 

rank 

ngs^ 

Plant  name' 

W 

nter 

Spring 

Summer 

Fall 

Literature  citations^ 

SymphofUaxApoi  albui 

- 

3,  3 

+      h 

1 

+ 

3 

+ 

i. 

1 

5,16,17,30.32,34,36,52,   5,  7,17. 
36,86 

Sympho'u.ccL'ipoi  tongA.^to'ujJi 

3 

- 

1,  2 

- 

4 

22,23,26,27,23,27 

SymphofUaoApoi   ocaldzntatii 

+ 

3 

*       2 

+ 

2 

+ 

5 

30,42,63,66,67,96 

Sympho'Uccvipoi  oieopkilai,  # 

- 

4,   1 

1 

+ 

3 

+ 

3, 

1 

37,47,48,64,82,93,94,98,93,94 

Sympkoiicntpoi  paJhliihLi 

- 

1 

44 

TeXfiadi/mia  canuctni 

+ 

4,   1 

-       2, 

1 

1 

17,59,64,85,86,69,86,94 

Va.ccA.nA.im 

+ 

1,   1 

+ 

1 

65,78,15 

Vacoiniim  memb/ianacexm 

1 

* 

3 

* 

1 

52,95,96,52 

VaccA-nlum  my>vUZ(ui 

* 

1 

* 

1 

94 

VaccJ.yU.um  icopaJvium 

1 

+ 

2,   1 

* 

1, 

4 

86,94,35,42,59,88 

Vitli  aAA.zotu.ca 

1 

69 

Vucca 

+ 

3 

2 

- 

1 

- 

3, 

1 

33,39,40,51,40,88,99 

Vucca  baccata 

1 

99 

Vucca  data 

1 

87 

Vucca  glauca 

* 

4.   2 

*      1. 

2 

3 

+ 

4, 

1 

16,30,33,40,51,60,63,66,11,32,40, 
60 

I 

1 

Some  plants  are  listed  by  two  names.  Example:  Species  A  =  Species  B.  These  are  plants  with  synonymous  scientific  names 
which  are  both  used  commonly.  Those  plants  marked  with  #  were  listed  by  another  less  common  name  or  archaic  synonymy  in 
some  of  the  original  food  habits  studies.  See  Table  6  for  synonymy. 

2 

Entries  consist  of  three  parts.  The  first  is  a  symbol  which  reflects  the  amount  consumed  relative  to  all  species  reported 
in  those  studies  where  it  comprised  at  least  1  percent  of  the  diet.   It  is  based  on  an  average  of  the  amounts  reported, 
but  avoids  precise  numerical  quantification:  -  =  Light;  +  =  Moderate;  *  =  Heavy.  The  second  part  (underlined)  is  the 
number  of  literature  citations  upon  which  the  ranking  is  based.  The  third  part  is  the  number  of  citations  in  which  the 
plant  was  recorded  as  a  trace  amount  or  comprising  less  than  1  percent  of  the  diet. 

3 
Underlined  numbers  indicate  literature  citations  on  which  value  rankings  are  based.  Those  not  underlined  denote  literature 
where  a  plant  was  reported  as  a  trace  amount  or  comprising  less  than  1  percent  of  the  diet.  In  many  cases  a  number  may 
appear  once  underlined  and  again  not  underlined  for  an  individual  species.  This  would  indicate  a  plant  comprised  more  than 
1  percent  of  the  diet  during  one  or  more  seasons  of  the  year,  and  contributed  a  trace  or  less  than  1  percent  during  another 
season  in  the  same  report. 
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Table  3.  Forbs  reported  as  foods  of  Rocky  Mountain  mule  deer 


Consumption 

rankii 

nqs^ 

Plant  name 

Winter 

Spring 

Si 

ummer 

Fall 

Literature  citations'^ 

KdnXXliA  rtUtttioUum  # 

-       2,  6 

-       5,  6 

- 

4, 

7 

-       i. 

8 

1 7 ,44 ,48 ,49  ,  79  ,83 ,88 ,90 .96 ,  5,15, 
18,33,40,42,46,49,52,54,65.69,86, 
87,91,94,96,99 

Actaza  uAguta. 

+ 

1 

+      1 

82 

Agoitackz  uAtiaiiotia 

+ 

I 

55',78,23 

Agaue 

1 

1 

69 

Ag  oiVuJ> 

3 

-      1.  ■> 

- 

1, 

2 

1 

69,76,86,99,33,69.86,91,99 

AgoseAAJ,  gtmca 

+ 

4 

1 

36,44,78,96,94 

AtUum 

-       1,  1 

2 

22,54,69 

KtU-un  cvmuum 

+      T 

76 

AlUm  textiXt 

+      T 

m 

AZynum  aZyno-idu 

-       1 

1 

49,49 

AmoAxinHiui 

1 

1 

2 

4 

3,32,54,69,87 

Ambiw&ia.  piiZoitachya 

1 

1 

1 

69 

Anaphatii  mangoAAXacza 

1 

2 

1 

94,99 

And/ioioLCZ  i&pte.nt>UonaZli 

- 

1 

44 

Anemone. 

- 

T 

H 

Anemone   pateni  =  PuZiatiJUa 

tadovlcyiana  # 

1 

-       3.   1 

+ 

2, 

3 

34,36,61,76,65,88,94 

AngeZicA  anguXa 

1 

96 

AngeZica  gtmji 

1 

1 

94 

A  ntznnoAyia 

-       2,   3 

+       4,   1 

4 

-       3, 

2 

7,18,33,42,45,49,72,99,16,49,53, 
65,69,99 

AntenntvUa  ap/Uca 

-       1 

88 

AntennoJuia  micAophytta 

1 

-       i 

96 

AntenncvUa  pajifj-iiotia 

-       2.   1 

1 

- 

1 

1 

T9',49,94 

Antenvwjujx.  mxcemoia 

1 

+ 

2 

59.17 

Antenna/Ua  noiea 

+       2 

1 

5",   7,94 

Apocxjnum 

* 

1 

78 

Apocynum  medium 

1 

75 

AquJJiegia. 

1 

+ 

2 

-       1 

78,88,88 

Aqwitegia  caeAuZea 

1 

1 

94 

AAobli 

1 

94 

Afiab-ii   dnjummondiA. 

1 

1 

1 

94 

AAab-ii  peAennani 

-       i 

69 

AAenoAia 

2 

1 

55" 

A>ienaAA.a  con^uAa 

1 

94 

AAenoAla  congeita. 

-       2 

1 

1 

5,49,18,49 

AAenaJiia  iendteti 

1 

99 

A^enoAia  hookeAi 

1 

7 

AnenoAla  nuuttaJiJl^ 

1 

86 

AJienaJtyia  obtuitioba 

1 

94 

A/ienoAAM.  6axo6a 

- 

1 

44 

An.nlca 

+ 

2, 

1 

59,78,99 

Ajinlcjx  coidiiotia 

+ 

4 

-       3 

36,82,86,94 

Arnica.  iolio6a  =  A. 

chami6Aonli 

- 

1 

44 

Anniaa.  taXiiotia 

1 

95 

Axnica.  moitii 

1 

1 

94 

Annica.  ioio/Ua. 

1 

5 

AAiemiiia 

1 

1 

1 

1 

99 

A/Uemiiia  biennii 

-       1 

52 

ArUemiiia  campeitnii  # 

1 

96 

AAXemij>ia.  coAAatkii 

-     1 

2 

2 

1 

69,87,99 

Antemiiia  dAacunciUui  # 

-       2 

-       1 

- 

1, 

1 

30,75,69 

AAtemiiia  iligida 

+    Jl,   5 

-       6,   5 

-       6. 

3 

5,   7,17,18,30,33,34,40,49,51,59, 
60,65,67,70,72,75,11,16,18,19.20. 
45,60,86,88,94 

AiitemiAiA  longiiotia. 

+       2 

1 

1 

*       1 

30,60,60 

Aniemiiia  iudovicUana  # 

-      5.  3 

-       1.   3 

5 

-       I. 

6 

20,33,34,49,60,87,96,  7,16,33,49, 
60,69,87,94,95,96,99 

AAtemiiia  michawUana. 

+      1 

-       1 

17 

AjUemiiia  icopuZoium 

1 

9? 

AiteA 

+       5,   3 

-       1.  4 

+ 

9_, 

1 

+       3, 

2 

7,40,48.51.52.59,60.75.78.81.86. 

88.90.  7.59.69,90.94.99 

See  footnotes  at  end  of  table,  p.  26. 
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Table  3.  Forts  reported  as  foods  of  Rocky  Mountain  mule  deer  (continued) 


Consumption 

rankinqs^ 

Plant  name' 

Winte 

r 

Spring 

Summer 

Fall 

Literature  citations^ 

AiteA  acmputA^i 

1 

94 

AitzA  canua^n!> 

1 

69 

Ai  teM.  aJfUZzM-ii 

-       1 

* 

2 

46,48,79 

AiteA  eowpicuooi 

- 

1 

76 

AitzA  ZYij^eibnannLi 

+ 

T 

+       1 

8T 

t^tiX  ialcAtiM   # 

-       3, 

1 

4 

- 

1, 

2 

-       3 

30,49,60,69,30,49,60,69 

AitSA    ioliOiCZUA 

1 

1 

+ 

1 

49,49 

AiteA  Zaevii 

+ 

T 

95 

Aite/L  modutm 

+ 

T 

§6 

AitM.  occidintatii 

- 

1 

51 

AitAOQcUai 

3 

3 

+ 

5, 

2 

-       2, 

2 

30,44,51,62,76,99,  7,16,30,65,69, 
99 

AitMoga^iiA  CA-banJMi, 

+ 

1 

78 

AitAogaZai  convattaAiui 

1 

1 

1 

82,94 

Aittagatui   dAuirmondti 

-       2 

- 

2 

30,51,75,96 

AitAogalui   dlexaoiiu,   # 

1 

99 

AiViagaZui  giZviitoim 

- 

1 

-       1 

30 

AitAogcilM  mLbioaKie^niii, 

-       1 

75 

AitAogaZiLi  picJxmXuiA 

-      T 

W 

AitAogalwi  izauAvta 

+      1 

+ 

1 

ra" 

AitAogaZiU,  6tfuituAe.nili 

+ 

I 

48 

AitAogalui  tzphAodu 

1 

-       1 

1 

1 

69,69 

AitAagalui  vexltU(,lzx.Liis 

- 

1 

m 

AfvLplex 

1 

1 

1 

99 

BaiUa 

• 

1 

87 

BaluM.  diiie.cta 

1 

69 

Batiomofihlza 

- 

1 

+       1, 

1 

3,54,  2 

Baticmoil'ilza  iagittaXa 

+    11, 

5 

+       6, 

5 

+ 

1. 

2 

+    ]Z_, 

2 

17,18,26,27,36,48,49,51,52,54,55, 
59,67,70,75,78,82,90,92,93,94,96, 
15,22,26,27,28,49,54,59,86,90,94 

BeMzya  wyom-Lnge.m.'ii, 

+      1 

49 

BAOAilca  cxmpiitAAj, 

, 

1 

9? 

BAA.cketUa 

1 

1 

99 

Bfiodlam  puZcheZla  # 

1 

69 

CalocholtiH 

1 

99 

Catochofitiii  gunntioyvii 

- 

1 

49 

CalochofituA  niUtalZli 

1 

23 

CaUka  Uptoizpala 

- 

1, 

1 

1 

65,94 

CampciyiaZji 

1 

88 

Campanula  lotundifjOtia 

- 

2 

36,88 

CapieMa  buAia-poitofUi 

1 

69 

CoitUZzja 

1 

1 

+ 

4, 

2 

-       ]_, 

2 

48,76,79,93,25,69,92,94 

Ca^tUULaja  (^lava 

1 

94 

CaitUtJte.ja  timAiazlotia 

-      1 

* 

1 

+      1 

48,82 

Ca^tiZtija  m^nlaXa  # 

- 

2 

44,96 

CoAtAJXtjo.  occA.dz»vtaJUji 

1 

94 

CaitiZtzja  Hhex-ilotia 

1 

94 

CaAtiiZzja  izptzntfUotuLtii   # 

1 

94 

CeAostium  oAvanie 

2 

-       1, 

1 

1 

1 

49,96,49,96 

Chatnactti  douglca^ 

+      I. 

1 

48,91 

Chinopodium 

1 

1 

6 

2,20,32,65,87,99 

Ch&nopodlim  aZbum  # 

1 

2 

3 

23,35,69,99 

Ch&nopodium  capiiaium 

- 

1 

44 

ChAyiopi-U 

1 

65 

ChAyiopiii  viZZoia 

-       2, 

1 

-       2 

* 

1 

*       2 

17,30,67,70,75 

Cluum 

+       2, 

7 

6 

+ 

2, 

3 

+      8, 

5 

34,54,59,60,62,67,70,82,  1  ,29,33, 
40,54,56,59,65,69,75,87,94,99 

CiAiZum  aAve.nie. 

1 

1 

86 

C-Ouium  dAummondtl 

1 

94 

(UAiium  unduZaXim 

+      1 

51 

CluZum  Mhi&ZeAi 

1 

44 

Ctaytonui  lanceoZaXa 

-       2 

49,96 

CZmaXli 

2 

-       I, 

1 

i 

1 

1 

49,83,49,65,83,94 

ClemaXyU  coZumbiana 

_ 

T 

49 

CZejnatl6   hiAitutUi'ima 

_ 

T 

1 

49,94 

CZematU  ZiguitZdiotia 

1 

1 

+ 

1 

78,91,99 

Clematli  pizadoaZpina 

-       1 

1 

88,88 

See  footnotes  at  end  of  table,  p.  26. 
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Table  3.  Forts  reported  as  foods  of  Rocky  Mountain  mule  deer  (continued) 


Consumption 

ranki 

2 

nqs^ 

Literature  citations^ 

Plant  name' 

Winte 

r 

Spring 

Summer 

Fall 

CotUnila 

2 

54,55 

CotUmia  poAviiloia 

1 

91 

Cottomia 

2 

35,56 

Cottoiruia  timoAli 

1 

- 

1 

51,99 

ComandAa  umbzZZcUa  It 

1 

+ 

2,  2 

+ 

2,   1 

2 

W,60,23,60,69,94,99 

CorrmLina  diarUkiiotia 

1 

69 

CoivUt\gia  o/UzntatU 

- 

1 

30 

Convotviifii^, 

1 

65 

Conyza  canadzni-ii   = 

EA^geAon  canadzni-ii 

1 

1 

69 

ColdytatUhui 

+      1 

1 

1 

99,54,99 

Coidyixuvthui  lamoiai 

-      T 

1 

1 

86,86,92 

Coidytanthui  temiiiotiui 

-      T 

1 

1 

69,69 

CfLtflli 

+ 

1 

96 

Ctzpli  acaminata 

-      1 

- 

2,   1 

1 

22,26,23,27 

Ciyptai/Uha. 

2 

2,56 

CuAcuta 

1 

35 

CymoptiAiii 

1 

2 

1 

69,99 

Cymoptfuii  b-ipinnaJjjUi 

1 

+ 

1 

86,86 

CymopteAui  puApuAxuczm 

1 

99 

Cynogto6iim  oH-icinaZe. 

-      1 

49 

Valta.  alb-Lite fLO. 

1 

1 

- 

1 

1 

69,69 

VltpiUrUum 

+ 

1.   2 

1 

76,69,99 

VeZphAiiiiM  boAbzyi. 

*      1 

47 

VeZplUtUum  b-icoioi 

- 

2 

+ 

1 

36,49,96 

VeZphinuun  occidtntate. 

- 

T 

1 

96,94 

VucufuUiiia 

1 

+ 

T 

78,69 

VucwuUnia  aatiiolnica 

1 

99 

VucwuUnia  pinnaXa.  H 

1 

+ 

1 

2 

2 

23,23,96 

VumaMhai  cooliyl 

- 

i 

-      1 

69 

Vougloila  monXana 

1 

86 

Viaba. 

1 

99 

Vlaba  cunexiotia 

1 

69 

Vnaba  otigoipzAma 

1 

86 

Viaba  <jzAna 

1 

54 

V/iycu,  ocXopeXala 

1 

94 

Vyaodia  pappo6a 

1 

87 

EpiZob-ium 

+ 

3,   1 

52,65,86,54 

EpiXobum  angastiiotUm 

+ 

1 

+ 

3 

-       1, 

1 

76,94,95,76 

EpiZob-Uim  hoinemannoi 

1 

94 

EpiZobixm  iacXiitolum 

1 

1 

94 

EpiZobium  pavUcaZatum 

1 

1 

- 

1 

1 

69,69 

Vvigvwn 

-       2, 

5 

+ 

2,  4 

" 

6,   4 

-      T, 

3 

T7,59,b.\69,79,86,87,93,  5,18 
69,87,93,94,99 

,65, 

Enyigvwn  cAeipiXoiui 

-       1 

5i 

EniqeAon  ca.na.dzni.u  = 

Conyza  ainade.nil6 

1 

1 

69 

E/ujgeAon.  compoiituu, 

2 

2 

2 

5,18 

EJugeAon  concinnui 

1 

1 

82,99 

EnJjgeAjon  ungelmannU 

1 

94 

EJvLgvwn  itageZtarUi 

1 

+ 

1 

+      1 

44,99,99 

E/UgZAon  loimoi.iii-imai   # 

1 

99 

BUgzAon  glabzUui 

- 

1 

96 

Etugvwn  pzA.zg>Unai 

2 

1 

95,99 

EAAjgzMin  pumJJui 

- 

1 

96 

EA^ZAon  i-unptzx 

1 

94 

EjUgzAjon  6pz(U.oiui  # 

1 

+ 

2 

36,49,69 

EAA.ogonum 

+       5, 

14 

- 

10,   7 

+ 

7,  6 

-       8, 

7 

7,22,23,26,27,28,29,34,40,55 

lii. 

62,72,78,79,89,90,92,93,99,   1 

3,   5,   7,15,22,23,29,34,35,45 

56,59,65,69,87,88,91,92,93,99 

2, 
54. 

EAZogomim  aJLatim 

1 

99 

EAAjogorwm  ceAnuum 

1 

99 

EAZogonum  (^tavum 

+ 

1 

44 

EAiogomm  hzAacZzoZdu 

*      1 

37 

EAAjygovum  mZjOAmZi 

1 

1 

-       1 

99,99 

See  footnotes  at  end  of  table,  p.  26. 
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Table  3.     Forts  reported  as  foods  of  Rocky  Mountain  mule  deer  (continued) 


Plant  name 


Winter 


Consumption  rankings^ 


Spring 


Summer 


Fall 


Literature  citations^ 


E^U-ogonum  muIZice.p& 
Bilogonum  ovcLtL^otium 
EfUogonum  nxLcemoiim 
Eiiogomm  umboJULaXim  # 
E>hiogoniM  u)>UgktLi 
ElocUum 

Efiodium  c-icLutoAAMm 
Eiyi-imum  cjipttcitum 
Efiyi-ijnum  fL&pandwri 
EiythfiorUum  gfLa.ndi{,tonjjm 
Eupholb^ 

Eapho>ib<.a  aZbomoAgincUa 
Euphofibla  tapAjteXZata. 
Eapholb-La  ctiainauiita 
Euphofibia  dzntaXa 
Eupkolb-ia  luidlwi 
Enagaxia 

ElcLgcVLia  ameJiicana 
Enaga/Ua  \jucm.  it 
Enagcuiia  v-Oig-Lnaina  # 
EnaiZAa  atb-icautli 
EiwuMM.  ipe.CA.oia  = 
SwzAtia  wxdiata 

EHAjUttaJvia.  oViopuApuAeA 

EnAXiMaAia  pudica 

GaJXtoJidia  aJuAtaia 

GcUU.um 

Gatium  boieaJte. 

Gatium  wnlghXAj. 

GaxiAa  iud^utta  # 

Gayophytum 

GzAJinium 

GeAaniim  {^lemontLi 

Gvuxnium  fUchoAdioruJ. 

GvianLum  vticoiiiii-unum 

Gzum  AoiiiA. 

Gum  VUdtoluin 

Gltia 

GVU.a  Candida 

GJJUa  muttidlona 

GtycyiAhiza  tupidota 

G>binddlML 

G>u.ndeJtLa  iqaavioia 

GatiMAzzla 

GuXluAfinzAja  ioAotknad 

HackeJUa 

Haptopappua 

HaplopappuA  ac/iutii 

Haptopappuii   nuXXnttil 

Haplopappiu,  ipinutoiwi 

He.de.oma  obiongl{^otijum 

HedyioAum 

HedyioAum  iutphuAeAceni 

HeJUantheJUa  uniiloia 

HeZianthuA 

HeZianthui  annual 

HeJU-arvtJiui   nuXtaltU. 

HeAacZzum  tanaXwn 

He.ipeA.ochiA.on 

HeucheAa 

HeuicheAa  cytindAica 

HieAa.cJ.um 

HleAacium  gfiaciZe 

HieAacXum  gAeenei 

HouAtonia  ulAight-Li 

HydAophyVUm  cApZtaXum 

Hymenopappui  lugeni 

HymenoilnAAX  uJfvighJUA. 


1 

2,    1 
1 

2 
1.   1 


+       1,   1 


+       3 


1 
1 

1 

1'   2 

1 
1 
2 
1 
1 

1 


+       1 


+       2 


1 

2'   1 
1 

1,   1 


2 

1 

1 
1 
1 
1 

1,  2 
1 

1 

I.  '^ 
1 

1 


i>   1 

h  1 

1 

1 

1 


1 

1 

1,   3 

1 

i'  1 
2 

1 


7.30,30 

8? 

69^,99 

36,69,94,17,69,86 

69 

35,56,99 

78,91,54.69,99 

69 

69 

52 

2,16,32,35,69,87,99 

69 
69 
69 
69 
69 

35.54,18,52,54,65,99 
94 
48 
5,86,76,87,88,94 


42,92,65,69,99 

99 

60,96 

96,96 

69,87,99 

49,75 


1 

10 

1 
1 

1 

69 
99 

1 

+ 

3,  1 

- 

5, 

3 

+ 

1,   1 

34.59.61 .69,76,78,92,65.76.99 

* 

2, 

1 

46,79,44 

+ 

2 

+ 
+ 

1, 

4 

T 

1 

1 

48,94 

36,49,86,96 

94 

2 

- 

4,   1 

- 

1, 

1 

18,34,36,49,59.  5,59,69 

1 

1 

- 

i,  1 

88,  2,99 
94 

1 

1 

1 

1 

69 

1 

- 

1 

* 

2 

1 

+ 

4,   1 

1 

30,33,51,60,16 
16,65,69 

1 
1 

- 

1 
1 

1 

2 

51,51 
69,99 

6 

+ 

1 

1 

- 

1,   1 

62,87,   7,65,71,82,87,94 

1 

+ 

1 

+ 

1_ 
1 

46 
99 
86,96 

1 
1 

1 

1 

+ 

1 
T 

1 

33,  7 

32 

69- 

1 

+ 

I 

* 

+ 

1 
I 

2 

1 

76,76 
36 

79,86,86 

1 

+ 

2 
1 

+ 

2 

1 

2 

1 

30,65,66,83,42,99 

69 

36,49 

+ 

i 

- 

2, 

1 
1 

76,88,96,94 
54 

- 

1 

1 

72,20 

1 

1 
1 

- 

1 
1, 

2 

1 

1 

1 

49,49 

79,65,69 

94 

35 

69 

_ 

1 

* 

1 

48,83 

1 
1 

1 

1 
1 

- 

I 

62,69 
69 

See  footnotes  at  end  of  table,  p.  26. 
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Table  3.  Forts  reported  as  foods  of  Rocky  Mountain  mule  deer  (continued) 


.                 ■                                                                                                                                                                                                                       .           .—~~     —                                             >_^^ 

Consumption 

ranki 

nqs2 

Plant  name^ 

Winter 

Spring 

S 

ummer 

Fall 

Literature  citations-^ 

Hymznoxyi  # 

1 

1 

99 

Hymznoxyi  acautii 

-      i 

49 

Hyme.noxyi  /UduVidioriU. 

- 

1 

44 

HypiAA-cum 

+ 

T 

1 

5T,56 

HypdjUam  iofmoiuin  § 

- 

1 

E 

Idaho  a  icapig&Aa  = 

PtaXy&peJimum  icapigeAim 

1 

1 

55.57 

Tpomoea 

1 

1 

69 

Ipomoea  cocccnea 

1 

69 

Ipomoza.  zoitdilata. 

1 

69 

l>UJi 

- 

1 

88 

J'Ui  m-UsowUznili 

- 

T,  2 

5F,69,88 

LacXuca. 

1 

- 

1 

- 

1 

32.40,91 

LacXuaa  puZcheZta 

- 

1 

49 

LacXuca  iZAA^ola 

3 

- 

1 

+ 

7 

- 

2 

30,34,51,69,78,81,96,30,69,96 

Lappaia. 

1 

1 

2 

94,99 

LappuZa  le-douiikU. 

1 

69 

LaXhynui 

- 

1,  1 

- 

i 

- 

i 

69.99 

LaXkyiai  eucoimui 

1 

99 

iaXhynat,  ti.uca.nXkuJ> 

1 

+ 

1 

- 

i 

46,94,94 

LaXhyuu,  odviotzucai 

* 

1 

* 

T 

76 

LzpiAlum 

1 

1 

1 

69.99 

LtptodacXyton  pangzju 

1 

65 

LeiqueAetta 

1 

- 

1,  1 

99.65 

LuqanApJM  alplna. 

1 

1 

m 

LuqueAiiZa  a/Uzonica 

1 

99 

L&iqueAeZZa  (,e.ndttnA. 

1 

87 

LuqadJifiJla  QoldofiU. 

1 

99 

LiiqueAeZta.  ie.cXA.pu 

1 

44 

LeucocUnuin  mowtamm  # 

1 

65 

Leituj,.ia  pygmaexi 

2 

94.99 

Lewici-oi  izdlviva 

1 

18 

LiafUi  pancXaXa. 

-      1 

75 

Ligaiticum 

1 

M 

Liguitiaum  potXeAA. 

* 

1 

+ 

1 

82 

LLnmaea  boi&aZii 

-      1 

+ 

1 

55- 

UXhophnagma  tzneffa  # 

1 

1 

99 

LiXhoipeJmum  KudzAaZz 

-      1 

+ 

2 

75,78,79 

LomaXiwn 

2 

* 

2,  2 

. 

2 

1 

30,54,55,79,65,69,91,99 

LomaXiujn  ^ozrUciUaczum 

+ 

T 

60 

LomaX-ium  ne.vade.nie. 

- 

I 

22,23 

Lotm 

. 

1, 

3 

62,  2,8/,99 

Lotai  hunUitnaXai 

1 

69 

Lotui  iLtahe.ni.ai 

_ 

1 

44 

Lotai  winXghXAA. 

-       1, 

1 

- 

1 

+ 

T,  1 

- 

1, 

1 

44,48,69,69,99 

Lupinai 

+      I. 

4 

5.,  6 

+ 

5.  4 

+ 

I. 

6 

2,17,22,27,29,35,45,47,48,52,62, 
73,78.79,86,90,92,99.  3.  7.15.18. 
22,26,33,42,45,52,55.65.69.86.87. 
90,99 

Lupinui  angejvtejuj, 

-      1 

_ 

1 

+ 

3,   1 

* 

1, 

1 

48,82,96,96,99 

Lupinui  caudaXui 

- 

T 

1 

5,   5 

Lwplnai  Q/ieeneA. 

1 

1 

1 

94 

Lupinui   lUngii 

1 

1 

69 

Lapinui  paimviA. 

+ 

1 

44 

Lupinui  potyphyUui 

- 

T 

36 

Lupinui  izrilceui 

-      1, 

1 

1 

. 

I 

+ 

1 

5,49,75,   5 

HoAAubium  vuiqoAe. 

1 

1 

99 

HedicaQO 

+       2, 

2 

* 

1 

* 

3 

16,33,60,65,60,91 

Metttcogo  Zupwilna 

+     T 

- 

1 

+ 

T 

49,78 

HexUcago  ioXlva 

-      T, 

3 

+ 

2.   1 

* 

6,   1 

* 

JO, 

1 

2,16,30,32,38,49,51  ,55,61  ,63.69, 
78,96,30,54,61 ,69,96 

MeZUotui 

-      1, 

1 

■k 

2 

+ 

1, 

1 

39,55,65,78,42,91                                   J 

UellZotui  alba 

+ 

1 

+ 

] 

_ 

1 

1.32,44                                                    ■ 

HetUotui  oiilclnaiAj, 

+       2. 

1 

+ 

2,   1 

* 

3 

* 

1, 

2 

30,60,69,  2,30,69                                   ■ 

Hejwdona 

1 

1 

1 

_ 

T 

69,69                                                          ■ 

Hejutha 

+ 

I 

88                                                                ■ 

See  footnotes  at  end  of  table,  p.  26. 
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Table  3.     Forts  reported  as  foods  of  Rocky  Mountain  mule  deer  (continued) 


Plant  namel 


Winter 


Consumption  rankings^ 


Spring 


Summer 


Fall 


Literature  citations-^ 


HMtiniia  cAJUata 

H&Ate.ni-ia  (iMancAj,ca.na 

MiAXemia  lanceolaXa 

HicoiiAyii  nuXam 

U-icAOisteAAA    gflCLCAlAJ, 

HiAobiJlJjs  timcULCi  # 
HUteZla  pe.vvta.ndnM. 
UonaAda 

MonoAda  (S-c4-ttt£oia 
MonaAdtMa  odoiatiMima.  # 
UonoptiZon  beZtio^du 
Uon£ia  peAdotlata 
HuUi-indon  divaAj.catum 
MyoiuAuii  a/viitatui 
Ue.peXa  caXanXa 
Hicotiana  attenuuzta 

Hotina  m-icAocoApa 

Oe.no  theAa 

Opaniia 

OlXhocoApM, 

Oimofihiza 

Oimoikiza  depaupeAota  tt 

Oxatu, 

Oxatifi  gfiay-i 

OxypotU   iendleju. 

Oxyiia  digyna 

OxytAopUi 

OxytAop-Ci  campeMtnJji 

OxytAopii  lambeAMJ. 

Oxyfiopl!,  ieAlcea. 

Paeonla  biouiwU. 
PoAnaiiAJi  {,imb>vLata 
Pectii 
VzdlcjjJboAAj, 
PtdLcutoAXA  b/iacXeoia 
PedicuZaAAj,  contoita 
PediciilaAU  gioenZandica 
PedlcudoAiii  nacemoia 
Penitemon 


1,   1 


i.  l 

1 
1 
1 

1 
T 


2 
1 
1 
1 
2,   2 


1 
1,   1 


+       3,   6 


+       3,   6 


1 
5,  5 


88,65 

82 

94 

99 

88,94 

60,60 

69 

69 

94 

88 

49_ 

3,69,99 
99 
56 
60 
99 
78 
22 

69 
69 

66,28,65,66,94,99 
69 
36 

81,94 
69 
69 
94 
94 
5,  7,30,30,65 


76 
30 

55 

96 

87 

65,69 

94 

86 

94,99 

78,79,94,95 

22,23,26,40,52,65,70,78,82,92,95, 

15,22,23,28,52,55,56,65,69,70,87, 

94,99 


Ptnitemon  caeipitoiul, 

1 

-       1 

Pe-mtemon  cyaniai, 

PzMtemon  cyathopholui 

1 

1 

Pznitemon  deuAtuA 

Petutemon  tinoAioldeA 

1 

2 

Pemtemon  pfioceAui 

Pznitemon  tkompionlaz 

1 

1 

Pznitemon  vAAgatai 

Pznitemon  uiationli 

1 

Pznitemon  MhipplzanuA 

PzAicomz  caudaXa 

PzividzAidLa  gajjidntAj. 

PzXaZoitzmon  puApvAejjm 

Phazztia 

1 

PhazzJUa  cAyptantha 

1 

Phazztia  hoitata  # 

1,   1 

PkazzUa  hztzAophytta  # 

PhazeLia  linzoAii 

Phoizoim  anQoitlii-imui 

1 

Phlox 

-       4,   3 

+       8,   5 

+     1 


+     1 

-      T 


+      4,  3 


1,  2 
1 
1 

1 


3,   7 


94,94 

5 
94 
55 

62,69 
86 
99 
99 

82,94 
94 


36 

65 

69 

96,91 

44 

_S_ 

69 

22,23 


99 


96 


26,28,29,34,35,40,45,55.72. 


90,93 


3,16,22,23,27,29,54,55, 


See  footnotes  at  end  of  table,  p.  26. 
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Table  3.  Forbs  reported  as  foods  of  Rocky  Mountain  mule  deer  (continued) 


Consumption 

ranki 

nqs2 

Plant  name^ 

Winter 

Spring 

Summer 

Fall 

Literature  citations^ 

?htoK  aZbomoAginata 

+      1 

+       1 

49 

Phlox  mabUAJ, 

1 

99 

PhZox  aaitA-omomtana  # 

1 

1 

1 

99 

Phlox  biyoldci  = 

P.  muico-idu 

+       2 

+       2 

86,94 

Phlox  dougloi^A. 

-       1 

-       1 

55 

Phlox  hoodU. 

-       5 

+       4,   3 

+       2, 

1 

7,17,30,33,51,59,60,18.30,59,60 

Phlox  kilbzyl 

1 

88 

Phlox  mibtUiloia 

1 

-       1 

1 

94,94 

Phlox  uioodhomeA. 

1 

1 

69 

Phyiotii 

2 

-       i, 

1 

69,69,87 

Plantago 

1 

1 

88,99 

Plantago  majol 

1 

99 

Ptantago  puAJshil 

2 

- 

1, 

1 

88,69,88 

PtaXyipeAmwn  icApigeAum  = 

Idahoa.  6caplg&/ui 

1 

1 

54,56 

Polimonium 

1 

65 

PolejnorUwn  albl(^lolum 

+ 

2 

46,78 

PoZemoyUum  v-Lbcoiim 

1 

94 

Polygonum 

2 

+       2,3 

" 

3, 

6 

-       1' 

7 

22,23,27,69,93,  2,16,22,23,26,27, 
54,55,65,69,92,99 

Polygonum  aviculoAZ 

1 

1 

. 

2 

69,44,69 

Polygonum  blitoiXoldej, 

- 

I, 

1 

36,94 

PoxXulaca  oteMicexL 

1 

1 

69 

Pote.ntilla 

-       1, 

1 

-       1.  4 

+ 

i. 

4 

-       1, 

1 

46,49,59,65,78,79,86,99,45.52.59. 

65,69,94,99 

PottYVtiJUa  condnvw. 

1 

94 

Pote.ntllla  cAlnlta 

1 

69 

PotdntUloL  diveJi&liotLa 

2 

-       1 

88,86,94 

Potuvtitln  glanduloia 

1 

5 

Potmtilla  gfiacAZu,  = 

P.   patchiA/Uma. 

2 

2 

7,18,88,94 

Pote.ntilla  hlppiana 

1 

1 

88.94 

PotentUla  nmbeAAyi 

*      1 

*      i 

+      2 

57 

Pote.ntiJtl/1  noiMzglojO. 

1 

95 

PotzntMa.  6ubvli>coia. 

1 

44 

PlAnuJbx  poAfiyl 

1 

94 

P&uidocymoptzAuA 

1 

1 

99 

P69udncymopiznui>  montanui 

1 

+ 

2 

44,48,<;'5 

Pioialexi 

1 

16 

Pioialza  tanczolivta 

1 

94 

PioialeM.  tcmUitoia 

1 

69 

PtvioipoKa  andAorm.dza. 

1 

1 

69 

PulioXltla  ludov-iclana  = 

Anemone,  patem 

1 

-       1.   1 

+ 

2, 

3 

34,36,61,76,65,88,94 

Pyiola 

-       1 

94 

Pyiola  dicuUioUa 

m 

1 

94 

PywlxL  minoi 

1 

94 

P.anwn.cuJbiA 

1 

1 

5 

1 

22,54,55,65,69,87,99 

Rananculwl,  caliiOinlciu, 

_ 

1 

55 

Ranancului  cjymbalajila. 

- 

I 

M 

Ranuncului  glabeA/umuii, 

-       2 

49,96 

Ranancului   oltholhlnchui 

+ 

1 

78 

RaXlbida  cotumnlieAa 

- 

1 

30 

Rollppa  noituAllum-aqaaticjum 

+ 

T 

78 

RudbeclUa 

1 

3 

RudbeclUa  occiden;talii 

+ 

2 

46,79 

Rumex 

+  1, 

1 

2 

- 

1- 

2 

-       1, 

2 

26,33,57,78,79,27,54,69,94,99 

Saliola.  kali  # 

-      T, 

3 

-       1.  1 

1 

74,83,54,69,91,99 

Sanguliolba  mlnol 

1 

44                                                                  , 

SanviXalia 

1 

87                                                                  J 

SaxA-iiaga  anguta 

1 

1 

94                                                                 ■ 

Saxliiaga  b>ionchialii 

1 

94                                                                 ■ 

SchoenocAombe  liniiolla.  # 

1 

1 

87                                                                 1 

ScAophuloAia.  lanceotaXa  # 

+ 

1 

1 

See  footnotes  at  end  of  table,  p.  26. 
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Table  3.      Forbs   reported  as  foods  of  Rocky  Mountain  mule  deer   (continued) 


....                                                                                                                                         ..                                  1 

Consumption 

ranki 

nqs^ 

1 

1 

Literature  citations^ 

Plant  name 

Winter 

Soring 

S 

ummer 

Fall 

Sedum 

1 

2 

... 
7,35,52,55 

Sedum  ite.nopeXalum  # 

-       1'   1 

1,  1 

1 

49,42,86,65,95 

Seneoco 

3 

+ 

1.  2 

1 

78,52,65,94,99 

Sine.CA.0  ample.cXe.nl> 

94 

Se.ne.Cyio  aanui 

-       1 

+ 

1 

49.51 

Senecx.0  CAMiulai 

+ 

1,   1 

1 

86,94 

Szne.cio  -integeAAAjnui 

1 

9T 

Semcio  multUobatui 

1 

1 

94 

SentCA.0  neomexJ.ca.nu6 

1 

-       i 

- 

1 

69,69 

Seneclo  ieAAa 

_ 

2 

46,79 

Senecio  tAlangixtaxU, 

1 

94 

SlbbaZdia  plocumbeni 

94 

Sidalcea 

* 

1 

79 

Sldalcea  oiegana 

+ 

I 

TE 

Sltene  acautu, 

94 

S-ii  ymbAA-um 

1 

32 

S-iitjmb>U.um  altiiiimum 

+      i 

1 

54,56,69 

Smilacj.na 

+ 

1 

78 

Smltacina  Kacemoda 

* 

1 

* 

1 

8T 

Smllacina  iteZlaXa 

+      1 

- 

1 

1 

76,94 

SmllaK  heAbacea  # 

1 

42 

Soia.ixuin 

1 

16 

Solanum  eZaeagniioZium 

1 

1 

87 

Sotidago 

-       1,   2 

2 

+ 

2,   4 

49,78,65,69,94,99 

Sotidago  miMoivUem-U 

+       1 

+       1 

- 

1 

17,30 

Soti-dago  peJAadoila 

1 

-       I 

82,99 

Sotidago  llgida 

1 

. 

1 

88,88 

SphaeAoZcea 

2 

2 

2 

+ 

T, 

2 

62,69,87,99 

SphattaZcea  cocdnea 

+ 

1 

60 

SphaeAoIcea  gfiosiuZafUae(,atia 

1 

1 

- 

T 

69,69 

StAeptopm  amplex.i(iOtiiu 

1 

1 

94 

SweAtia  nadLi.aZoi  = 

TioAeAo.  ipecioia 

1 

1 

1 

+ 

2 

42,92,65,69,99 

ToAaxacum 

+       3,2 

+ 

4,   4 

+ 

2, 

2 

51,69,76,88,93,16,54.55.65,69,88, 
99 

ToAaxacum  ceAJiXopholum 

-       1 

* 

1 

-     86 

TaAaKacum  taevigaXum 

+ 

1 

- 

1 

36 

ToAaxacum  oidiclnaZe  # 

1 

+       2,   2 

+ 

9_ 

- 

i, 

1 

5.38,44,48,59,78,79,82,94,96,59, 
82,87,94 

Tauickia 

1 

22 

ThatictAim  (^endJieAA. 

2 

+ 

4,  2 

1 

46,48,78,79,44,69,94,99 

ThaticXAiM  occidentaZe 

_ 

1 

92 

Tkatictfium  ipoAi-i^lofitm 

_ 

1 

96 

TheZypodium 

1 

69 

TheAmopiAj,  dlvoAlcaApa   # 

1 

1 

1 

1 

69,87 

TheAmopili,  monXana  # 

1 

54 

ThZa&pl 

1 

3 

2 

1,87,99 

ThaZaipl  alpeii^e  = 

T.    ^endleAl 

- 

i.   1 

44,94 

Thioipi  oAveme 

1 

32 

Town6  endia 

1 

99 

Touimendia  exicapa 

1 

69 

Towni  endia  poAAy-i 

- 

1 

96 

T/iagia  itytoAli  = 

T.    >iamoia 

1 

69 

Tfuigopogon 

1 

+       1,   1 

* 

2,   1 

3 

34,46,16,34,69 

T/uxQopogon  dubiui, 

-       5.  2 

-       1.   1 

+ 

8 

+ 

i. 

1 

17,30.36,49.51.60.61.81.96.   7.17. 
61 

Jlagopogon  pnaXeniti 

1 

1 

5,32 

Tlif^otium 

2 

-       3 

* 

3,  5 

+ 

2, 

3 

17,49,69,73,82,90,16,17,35,54,65, 
69,86,94,99 

TfU(,otium  andinum 


+       1 


44 


See  footnotes  at  end  of  table,  p.  26. 
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Table  3.  Forbs  reported  as  foods  of  Rocky  Mountain  mule  deer  (continued) 


Plant  name 


Consumption  rankings^ 


Winter 


Spring 


Summer 


Fall 


Literature  citations 


T/UfjOtium  doiypliyttum 
T/U^otiLm  £ongipe4   # 
TiA-iotium  iipe.iu> 
T)u.(,otium  wonmikjotcLU.  # 
Tiotliai  taxai 
Urutica  dioicA  It 
VaZexiana 
ValeAiana  dioica 
Val.eAA.atWL  occidzivtatci 
VateAA.a>ia  iiXche.n&.ii, 
V&AotAum 
VeAotAim  \ilnA.dz 
Uetfaoicum 
ViAba^am  thapiia 

VeAb&na  macdougatU 

VeAonica  ameAicana 

Vitia. 

V^Lcia  ameAxcaria 


Vicia  cAacca 

Vicia  puZcheZZa 

VigiUeAa 

{/igaZvui  muZtl(,lona 

VZola 

VioZa  canadcmli 

Vioia  ivjuUaZZli  tt 

Viola  puApaA.ea  # 

lilyethZa 

Wy&XJUa  ampZe.)UcauZli 

WyeXlUa  motiU 

Kantltum 

2-igad&nw>,  eJizgani 

ZigadenuAi  paivicuZjXJtai 

liqadznuA  \jenzno6a{> 


+   1 


1 
1,  1 


1 

94 

+ 

2 

48,86 

1 

- 

2 

-       2 

42,^6.94 

+ 

1 

44 

2 
2 

1 

65,94 
22,86 

+ 

1. 

1 

52.65 

- 

1 

1 

36 
96 

+ 

1 

+       1 

95 
52 

- 

1 

1 

95 
35 

1 

1 

1 

69 
99 

1 

96 

1 

2 

4 

69.33.65.69.92.94.99 

2 

1 

+ 

5. 
2 

2 

1 

-       3. 

2 

30.48,69.76.78.81,87.88. 
88 

52,95 
69 

1 
1 

+ 

1. 
T 
2, 

1 
1 

1 

1 

1 

1 

1 

69,88,69 

48 

40,46,54 

49 

36,99 

22 

55 

1 

* 

3 

-       1 

58,78,79,81,83 

1 

1 
1 

1 

1 

-       I. 

1 
1 
1 

55,56.22,55,56 

32 

76.94 

82 

86 

Some  plants  are  listed  by  two  names.  Example:  Species  A  =  Species  B.  These  are  plants  with  synonymous  scientific  names 
which  are  both  used  commonly.  Those  plants  marked  with  #  were  listed  by  another  less  common  name  or  archaic  synonymy  in 
some  of  the  original  food  habits  studies.  See  Table  6  for  synonymy. 

2 

Entries  consist  of  three  parts.  The  first  is  a  symbol  which  reflects  the  amount  consumed  relative  to  all  species  reported 
in  those  studies  where  it  comprised  at  least  1  percent  of  the  diet.  It  is  based  on  an  average  of  the  amounts  reported. 
but  avoids  precise  numerical  quantification:  -  =  Light;  +  =  Moderate;  *  =  Heavy.  The  second  part  (underlined)  is  the 
number  of  literature  citations  upon  which  the  ranking  is  based.  The  third  part  is  the  number  of  citations  in  which  the 
plant  was  recorded  as  a  trace  amount  or  comprising  less  than  1  percent  of  the  diet. 

3 

Underlined  numbers  indicate  literature  citations  on  which  value  rankings  are  based.  Those  not  underlined  denote  literature 
where  a  plant  was  reported  as  a  trace  amount  or  comprising  less  than  1  percent  of  the  diet.  In  many  cases  a  number  may 
appear  once  underlined  and  again  not  underlined  for  an  individual  species.  This  would  indicate  a  plant  comprised  more  than 
1  percent  of  the  diet  during  one  or  more  seasons  of  the  year,  and  contributed  a  trace  or  less  than  1  percent  during  another 
season  in  the  same  report. 


26 


Table  4.  Grasses,  sedges  and  rushes  reported  as  foods  of  Rocky  Mountain  mule  deer 


Cons 

umption 

ranki 

ngs^ 

1 
Literature  citations^ 

Plant  name 

W 

inter 

Sp 

ring 

Summer 

Fall 

^giopyfion 

+ 

3, 

1 

+ 

2,   1 

2 

*      L 

2 

21,57,62,76,90,  1,15,69,94 

kQKopynon  QJiUtatum  # 

* 

2 

* 

I.   2 

- 

1,   1 

+      2 

44,57,69,69,94 

Ag>iopyion  Intwrndium 

- 

I 

- 

1.   1 

1 

44,69,69 

Agfiopyion  iaandeJi^ti 

1 

94 

Agiopyton  imlthiA, 

- 

1, 

1 

- 

1 

1 

1 

60,94,60                                                                         I 

Agtopyion  ipicxvtim 

+ 

5 

- 

2 

1 

-      1, 

1 

6,17,75,82,94,97,82,94                                            | 

Aglopyion  iufciecundum 

1 

1 

17 

Agioi  tU 

1 

1 

35,65 

Andtopogon  boAb-Lnodtl, 

1 

69 

Kxlitida 

1 

69 

BliphaAoneuton  tAlc.hoiip.Us 

- 

1 

88 

SoateZoua  cuAtipinduZa. 

1 

1 

- 

1 

1 

69,69 

BouteZoua  gfiatUta, 

- 

i. 

1 

1 

1 

1 

94,69,94 

Bfiomiu, 

* 

1.   1 

1 

1 

76,   1,32,55 

BAomai  anomalai 

1 

94 

B>iomui   cjVvinatixA 

- 

1 

46 

BAomai,   (UtiaXu.!) 

1 

1 

94 

BtomLH  inzAmX^ 

+ 

1 

44 

BtomuA  nubo^Yii 

- 

1 

69 

Btomu-i  t&ctonum 

+ 

h 

5 

+ 

2,   3 

2 

+      1, 

3 

6,17,57,62,65,15,28,48,54,55,56, 
69,99 

CaZamagloitAj,   aanadinili 

1 

1 

94 

CaZwnagloitLi  Aubuce.M 

- 

1 

17 

CaAe.x 

■ 

2, 

2 

■ 

I.  4 

+ 

2,   4 

+      1, 

3 

19,21,76,79,82,   2,17,32,44,54,56, 
83,87,94,95 

CoAex  oAapahoznili 

1 

■ 

94 

CoAix  blivipu 

1 

1 

94 

CaAe.K  ioe.M.a. 

1 

1 

94 

CoAzx  geyMx. 

1 

- 

1 

-       1 

94,15 

CoAex  ne.b>uu,ktM-u 

1 

94 

CoAex  nova 

1 

94 

CifpZAiU 

1 

87 

VacXytii  glomeAata. 

+ 

1 

+ 

2 

44,69 

Vanthonia  pcxAAyi 

+ 

1 

76 

dUschamptsla  aaupiXoia 

1 

94 

Eclvinockloa  cAingatti 

1 

-69 

Elymu,i 

1 

17 

Eti/mai,   CA.neAi.Uui   H 

1 

97 

EZymuA  glaaaxi 

- 

1 

79 

EAixgKOAtii, 

2 

1 

1 

-      1 

69^,65,69 

fe^taca 

+ 

1 

76 

EeAtaca  oAlzonlca. 

2 

2 

44,69,88 

feAtaCid  idahoZMAj, 

+ 

3. 

1 

+ 

1 

6,17,21,75,17 

Tu>tu.ca.  ovlncL 

1 

44 

Feiiuca  iCjabucUlM. 

- 

1 

75 

EcMtuca  thuAbcAA. 

1 

- 

1 

1 

38,94 

HzipeAochZoa  kingiJ.  # 

- 

1 

1 

97,65 

HoKdcum 

1 

+      1- 

1 

33,16,99 

HoAdcum  jubatiim 

1 

69 

Juncui 

1 

94 

Juncui   batti.au 

1 

1 

94 

JancLLi  dAummondLi 

1 

94 

JancuA  meAte.MA.ami6 

1 

94 

Juncui  AegetU. 

+ 

1 

96 

KoeZeAla  cao,  tata 

4 

+ 

2 

+ 

T,  1 

1 

M, 69, 76, 17, 69  ,94,97 

Leptociiloa  ^iLiiomu, 

1 

-      1 

69,69 

Luzula  gtablata 

1 

95 

LuzuZa  poAvidloAa 

+ 

1 

1 

1 

88,94 

Muktenbengia  mtnutliiAjna 

1 

1 

69 

MuktenbcAgia  montana 

1 

69 

UuhlenbcAgia  Aigeni 

1 

69 

Oiyzopitf,  hijmenoideA 

2 

1 

82,94,97 

Vanicum  obtuium 

1 

69 

Panicum  vlAgaZum 

1 

69 

See  footnotes  at  end  of  table 

p. 

28. 
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Table  4.     Grasses,  sedges  and  rushes  reported  as  foods  of  Rocky  Mountain  mule  deer  (continued) 


Plant  name 


PWeum 

PhZtum  atpinum 
Phtium  pitvtzme. 
Poa 


Poa  compKeMa 
Poa  iandteAiana 
Poa  juncUiotia 
Poa  paZaiVUi 
Poa  p>Late.ni-ii 
Poa  izcunda  = 
Poa  iandbeA^.U. 

SootpuA 
S^Xanion 
Sitan-ion  hyiVux 
Songhum  haZzp&niz 
Spoiobotui 
Stipa 

Stipa  cotumbAM-na 
Stipa  comaZa 
Stipa  teXteAmanli 
Stipa  pineXolum 
Stipa  viAyidata 
TKibiMm  ipicatum 


Winter 


1 
2,  4 


1,   1 


2,    1 


1,   1 


Consumption  rankings'^ 


Spring 


Summer 


Fan 


Literature  citations-^ 


3,   3 


1,    1 


4,  1 


2,   1 

i.   1 

2 

1 


69 

69 

75.76,44.94 

T7T2T,69,76.   1.15,49,55,56,65.69, 

87,94 

57 

44,62,82,94,94 

94 

94 

38,44.46.79,88.94 

57.60,60.94 

56 

21,94 

57,69.82.44,69.94 

69 

69 

11,94 

82 

82,94 

46,82 

94,94 

44 

94 


1 

Some  olants  are  listed  by  two  names.     Example:     Species  A  =  Species  B.     These  are  plants  with  synonymous  scientific  names 
which  are  both  used  commonly.     Those  plants  marked  with  #  were  listed  by  another  less  common  name  or  archaic  synonymy  in 
some  of  the  original   food  habits  studies.      See  Table  6  for  synonymy. 

2 

Entries  consist  of  three  parts.  The  first  is  a  symbol  which  reflects  the  amount  consumed  relative  to  all  species  reported 
in  those  studies  where  it  comprised  at  least  1  percent  of  the  diet.  It  is  based  on  an  average  of  the  amounts  reported, 
but  avoids  precise  numerical  quantification:  -  =  Light;  <■  =  Moderate;  *  =  Heavy.  The  second  part  (underlined)  is  the 
number  of  literature  citations  upon  which  the  ranking  is  based.  The  third  part  is  the  number  of  citations  in  which  the 
plant  was  recorded  as  a  trace  amount  or  comprising  less  than  1  percent  of  the  diet. 

3 

Underlined  numbers  indicate  literature  citations  on  which  value  rankings  are  based.  Those  not  underlined  denote  literature 
where  a  plant  was  reported  as  a  trace  amount  or  comprising  less  than  1  percent  of  the  diet.   In  many  cases  a  number  may 
appear  once  underlined  and  again  not  underlined  for  an  individual  species.  This  would  indicate  6  plant  comprised  more  than 
1  percent  of  the  diet  during  one  or  more  seasons  of  the  year,  and  contributed  a  trace  or  less  than  1  percent  during  another 
season  in  the  same  report. 
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Table  5.  Lower  plants  reported  as  foods  of  Rocky  Mountain  mule  deer 


Plant  name 


Winter 


Consumption  rankings^ 


Spring 


Summer 


Fall 


Literature  citations^ 


AZccXofUa  iiemontU. 

AmatUXa 

knanita.  mwicafuM. 

BoleXwi  giayiuZatui 

BoleMii  auAan-tiacal, 

UavaxicL  (jonmoia 

ColtiyuvUai 

Eqaiie^tum 

EquAj,eXum  oAucnie 

EqixZieXum  Zatv-Lgatum 

LeXkafUa  valp-ina  # 

Pa/meZia  thtonocMoa. 

PeMaeM. 

PteA-idlum  aqiU-tirvjjn 

RuMula  emeJxca 

SeJAgineZta  dzma 

Uine.a 

Uima  iofie.dU.^eAa 


+ 

1 

- 

T 

+ 

1 

+ 

T 

+ 

1 

* 

i 

1 

1 

1 

1 

+ 

1,  1 

1,  1 


li 

17 
M. 

25 

44 
33 

94 
96 
15 
94 

69 

78,69 
44 
7 
42,94 
5? 


1 

Some  plants  are  listed  by  two  names.      Example:     Species  A  =  Species  B.     These  are  plants  with  synonymous  scientific  names 
which  are  both  used  commonly.     Those  plants  marked  with  #  were  listed  by  another  less  common  name  or  archaic  synonymy  in 
some  of  the  original   food  habits  studies.     See  Table  6  for  synonymy. 

2 

Entries  consist  of  three  parts.  The  first  is  a  symbol  which  reflects  the  amount  consumed  relative  to  all  species  reported 
in  those  studies  where  it  comprised  at  least  1  percent  of  the  diet.   It  is  based  on  an  average  of  the  amounts  reported, 
but  avoids  precise  numerical  quantification:  -  =  Light;  +  =  Moderate;  *  =  Heavy.  The  second  part  (underlined)  is  the 
number  of  literature  citations  upon  which  the  ranking  is  based.  The  third  part  is  the  number  of  citations  in  which  the 
plant  was  recorded  as  a  trace  amount  or  comprising  less  than  1  percent  of  the  diet. 

3 

Underlined  numbers  indicate  literature  citations  on  which  value  rankings  are  based.  Those  not  underlined  denote  literature 
where  a  plant  was  reported  as  a  trace  amount  or  comprising  less  than  1  percent  of  the  diet.  In  many  cases  a  number  may 
appear  once  underlined  and  again  not  underlined  for  an  individual  species.  This  would  indicate  a  plant  comprised  more  than 
1  percent  of  the  diet  during  one  or  more  seasons  of  the  year,  and  contributed  a  trace  or  less  than  1  percent  during  another 
season  in  the  same  report. 
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Table  6.     Plant  names  which  were  changed  in  this  publication  from  those  appearing  in  the  original  deer  food  habits 
references   ^ 


Plant  name 
in  tables  2-5 


Name  shown  in 
original   reference 


Literature  citations 


Shrubs  and  Trees 


A/iXenUjiia  OAbaicuta 


BeAbeAii  ^epett* 
BzXala  ociUd&ntatii 
Couiaiu/i  meju-CAna. 
FzndteAM.  nup-Lcota 
FlaxA-niii,  p&nn6yZ\jani<M 
Hotodcicai 

JufiipeAai  oite.oipzAma 
LinnaeA  boie.atu, 
Hnnzluia.  ieAAug-inza 
Pachyitima  myiiinitii 
Pho'iade.ndfion  v-iZloium 
Planai  v-ing^iniana 
Plamii  v-Oig-inaina 
Pi eudotiugcL  menziai^x. 


Xhuui  gtabfia 
Rhai  tuxdicaM 
Roia  acicuZcL/iii 
Roia  uioodi-Li 
Roia  uioodi'U. 
Sambacui  coe/iaiea 
Sambucui  lacemoia 
Somfauctti  n/icemoia 
Sambuca6  lacemoia 
ShtpheAdia  ainadzni-ii, 
SymphoruicjaApoi  oltopkiMju, 
Sympho>UcaA.po6  oie.ophiiM 


A/iXem-ii-ia  nova 
Odo&tmon 
McLhonia  lepzm 


Odoiiemon  ie.pzM, 
BeXuZa.  dontinaZik 
CoMdnia.  itunibuJuMWi 
Ve.ndJieAa 

TnaxA.nuA  tancioZata 
SeAA.coi.ke.ca 
JanipeMU,  uXaheMsi.li 
Linnaea  ajnefiLcana. 
UenzieJila  gtabeMa. 
Pachyitima 
PhoiadendAon  coiyae 
PiunuA  demiJi&a 
PlavuLi,  meZanocoApa 
Pieudotiaga  taxZiotia 


Rhui  climontana 
Rhui  toxXcodcndAon 
Roia  engeJbnannii 
Roia  ^endleAi 
Roia  neomexA.cana. 
Sambacaii  gtaaca 
Sambacui  meJianocoApa 
Sambacuuf,  mlcAobottyi 
SambiLCui  pabcni 
LepoAgyiexL  canadcm^A 
SymphonXcoApoi  teXoneniAj, 
SymphoKicaApoi  \i accA.no ideJi 


37,77 
15 

3,37,47,50,68,70,78,79,82,92, 
97,99 


71 


,  9,10,11,12,14,42,84,85 

,91,97 

,29,39,48,73,77,78,80,82,99 


,84 
,43,64,73,77,80,82,99 


,15,54,55,56,67,70,98 

,  9,11,12,14,77,78,79,84,85 

,11,14,15,19,37,39,49,59,65, 

,83,84,96,97,99 


42,71,84 

66 

96 

99 

44 

15,82 

44 

78,94 

94 

15 

64 

37,93,98 


Forbs 


Achittea.  nuMeiotium 
AchUZea  mltteioilum 


Anemone  patzM 
AAXeiniiia  campe^tAii 
AnXemliia  dAacancuZu.i 
AnXeJM-ia  iudo\)-icA.ana 
AsteA  iatcaXai 
AitAObgatuj,   iZeJiuoiiii 
Bhjodlaea  puZcheZZa 
CaitiZZeja  nU.nA.aXa. 
CaktiZteja  iepteniAZonatU 
ChenopodHim  aZbum 
CommandAa  umbeZZaXa 
VeicuAoZnAM.  pinnaXa 
EAigeAon  ^cmoiZnimLH 
EAcgeAon  ipecZoiui 
EAZogonum  umbeZZaXum 
TnoQanZa.  veicx 
TtagoAia  viAgA.nAM.na 
fiagaAZa  M-inginZana 
GauAa  4u(j^atta 
ttymenoxyi 

HypeAZcum  ioimoium 
LeucocAinim  monXanum 
LiXhophAagma  tcneZMi 
HenXeniiia  oAZzonica 
HOiabAZZi  tineofiZi 
HonoAdeZZa.  odoiaXZli&Ama 


AcKiZZea 
AchZiZea  lanuZoia 


PuZiaXUZZa  hZtiuXU^iAma 
AAXemZila  canadeniZi 
AAtemZiia  dJiacuncuZoldeJi 
AAXenAj,i.a  gnaphaZodu 
AiteA  commuXaXuJs 
A&tnagaJbjLi  gh.ee.neA. 
VicheZoitemna  puZcheZZa 
CaitiZZeja  coniwba 
CaitiZZeja  iuZphuAea 
ChenopodAum  beAZandieAi 
Coimandna  paZtida 
VeicuAaZnAM.  bfiachycaApa 
EJiZgeAon  pecoiemij, 
EnZgeAon  macAattXhiui 
EnZogomm  cognaXum 
PiagoAia  bnacXeoia 
fnagoAZa  gZauca 
PnagoAZa  ovaZli 
GauAa  gAaciZZi 
ActZnaea 

HypeAicwn  icouZenZ 
LeucocAinim 
LZthophAogma 
HeAXeniia  ZeonandZ 
Oxybaphui  ZZntoAZi 
UonaAdeZZa 


33,52 

15,40,42,44,46,48,65,69,79,83, 

84,87,88,91,94,96,99 

88 
96 
69 
99 

60,69 
99 
69 
44 
94 
99 

23,69,99 
23 
99 
69 
69 
48 
76 

87,88,94 
69 
99 
95 
65 
99 
82 
69 
3 
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Table  6.  Plant  names  which  were  changed  in  this  publication  from  those  appearing  in  the  original  deer  food  habits 
references  (continued)  1 


Plant  name 
in  tables  2-5 


Name  shown  in 
original  reference 


Literature  citations 


Forbs  (continued) 


Oimolkiza  dupaapMata. 
PhaceJUa.  hamtata 
VhaceJtia.  heXvicphijtia 
Phlox  aLH-Viomontana 
PaJUoMJJta.  tado\}-icA.a.na. 
Satiota  kali 
SchoenocAombe.  titvi(,otia 
ScoplndjvUa  Zanciolata 
S^Jdum  it^nopetcUim 
SmLtax  heAbaaeM. 
TaAaxacum  odd-iciyiaZt 
ThVmopiAJs   dlva/vicaApa 
TheAmopi-ii  montana 
TfUdotium  lonQ-ipzi 
Tlilotium  iMomikjotdii 
UnXA-ca  dioica 
Viola  nuttattti 
Viola  puApaAea 


Omoiliiza  obtuio. 
PkaaeZia  Imcophylla 
PhaczZla  mageManica 
PhZox  d&nia 

PuZtiOutiila  hluwtiiiima 
Saliola  putiivi 
Szdum  douglcii-ia 
ScAophuZojLia  o ccidzntatLii 
Sedum  doaglaiii 
SmiZax  ImiomuAon 
ToAacacum  vutgoAi 
ThMmopiti   pinaXofiim 
TheAmopi-ii  gfiacAZu, 
TfLlffOlium  fiydbeAgil 
Tnyi{,olMm  plneXonum 
UKtica  holoii/u-ceA 
Viola  pfiaemoua. 
Viola  v^noi,a 


81,94 

91,96 

44 

99 

88 

84 

87 

78 

95 

42 

87 

69,87 

54 

48 

44 

22 

36 

22 


Grasses  and  Grass! ikes 


Agio  pylon  cAyiitaXum 
Elifrnm  cUneAeui 
HuApzAochloa  kingii 


Aglopylon  dutfitonum 
EZymui  condztuatiii 
PeAtacM.  kingii 


57.94 

42 

97 


LiXhaAAji  vuZpina 


Lower  Plants 


Eve/inia  vuZpina 


15 


1 

Some  names  were  changed  from  those  appearing  in  the  original  references  to  correspond  to  usage  in  most  modern  plant 
manuals.  Several  plants  listed  only  by  genus  in  the  original  food  habits  reference  are  shown  by  species  if  only  one 
species  of  that  genus  is  known  to  occur  in  the  state  where  the  food  habits  work  was  done. 
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Abstract 

Nineteen  weather  factors  were  analyzed  to  determine  which  have  the 
highest  correlation  with  avalanche  activity.  A  simple  two-parameter  storm  index 
and  a  discriminant  function  model  were  found  to  predict  the  likelihood  of 
avalanches  in  Colorado's  Front  Range.  The  storm  index  utilizes  precipitation 
intensity  modified  by  windspeed  to  predict  the  number  of  avalanches  expected 
on  23  paths.  The  discriminant  function  model  was  used  in  conjunction  with  a 
multiple  regression  program  to  classify  snow  as  stable  or  unstable  on  eight 
avalanche  paths.  This  analysis  shows  that  a  linear  combination  of  the 
maximum  3-hour  precipitation  intensities,  windspeed  resolved  to  an  optimum 
direction  for  each  path,  and  the  sum  of  the  negative  temperature  departures 
from  20°  F  could  be  used  to  determine  whether  a  slope  will  avalanche  70  to  80 
percent  of  the  time. 


Oxford:    384.1:423.5.    Keywords:    Avalanches, 
analysis,  statistical  methods. 


weather,      snow,      statistical 


ALL  PHOTOS, 

SEVEN  SISTER  AVALANCHE  PATHS, 

MAY  3,    1973: 

This  slab  avalanche  released  at  4  a.m., 
following  intense  snowfall,   strong  winds, 
and  cold  temperatures.      All   seven  of  the 
north-facing  Seven  Sister  paths  discharged 
their  snow  cover  simultaneously . 

The  fracture  line,   estimated  as  10  feet 
high  in  the  smooth  curved  section,    extended 
across  gullies  and  straight  slopes  for  half 
a  mile  beyond   the  area   shown  at  right  edge 
of  the  centerfold  photo. 

The   tongue-shaped  snow  layer,   barely 
discernible  left  of  the  debris  blocks    (near 
center  of  centerfold  photo),   probably  was 
the  bed  surface  of  a  previous  avalanche. 

The  snow  that  ran  down   the  No.    6 
2, 000- foot   track  was  12  feet  deep  on  U.S. 
Highway  6. 

Traffic  was  minimal,   and  no  injuries 
or  damage  resulted . 

An  event  of  this  magnitude  rarely 
occurs  in   the  Seven  Sister  area. 


The  use  of  trade  and  company  names  is  for  the 
benefit  of  the  reader;  such  use  does  not  constitute  an 
official  endorsement  or  approval  of  any  service  or  prod- 
uct by  the  U.  S.  Department  of  Agriculture  to  the 
exclusion  of  others  that  may  be  suitable. 


USDA  Forest  Service  August  1973 

Research  Paper  RM-112 


Predicting  Avalanche  Intensity  from  Weather  Data: 
A  Statistical  Analysis 


by 

Arthur  Judson,  Meteorologist, 

and 

Bernard  J.  Erickson,  Computer  Programer 

Rocky  Mountain  Forest  and  Range  Experiment  Station  ■'■ 


Central  headquarters   maintained  in   cooperation    with     Colorado    State 
University  at  Fort  Collins. 


Contents 

Page 

The  Univariate  Analysis 1 

The  Storm  Index 2 

Applications 4 

The  Multivariate  Analysis 4 

The  Discriminant  Function 4 

Analysis  of  Data 5 

Results  and  Discussion 9 

Applications 11 

Summary  and  Implications 12 

Literature  Cited 12 


Predicting  Avalanche  Intensity  from  Weather  Data: 
A  Statistical  Analysis 

Arthur    Judson    and    Bernard   J.    Erickson 


Avalanche  personnel  know  that  certain 
weather  factors  contribute  to  avalanching,  but 
determining  the  relative  contribution  of  various 
factors  is  difficult  for  several  reasons.  For  one 
thing,  most  statistical  analyses  are  complicated 
by  the  high  correlations  between  factors.  Also, 
good  weather  and  avalanche  data  are  rare 
because  they  must  be  continuously  monitored 
in  a  severe  environment,  and  the  complexity 
of  the  relationship  between  weather  and 
avalanches  requires  a  long,  continuous  record. 
Finally,  even  though  avalanche  researchers 
agree  that  precipitation,  wind,  and  temperature 
influence  snow  stability,  they  do  not  agree  on 
the  best  methods  of  quantifying  these  and  other 
factors  for  forecasting  purposes.  The  objectives 
of  this  study  were  to  select  weather  factors  that 
dominate  avalanche  response,  evaluate  their 
relative  contribution,  and  develop  a  predictive 
imodel. 

1  Weather  data  for  the  study  were  collected 
'at  Berthoud  Pass  in  Colorado's  Front  Range 
from  1951  to  1972.  Avalanche  records  were 
collected  for  the  same  time  period.  Weather 
records  were  taken  by  the  Forest  Service; 
avalanche  data  were  collected  by  the  Forest 
Service,  Colorado  Department  of  Highways,  and 
American  Metals  Urad-Henderson  Mines.  The 
following  weather  data  were  put  on  magnetic 
tape  to  facilitate  analysis  and  to  insure  a  con- 
venient permanent  file:  maximum  3-hour  pre- 
cipitation intensity,  6-hour  average  windspeed 
and  direction,  temperature  and  temperature 
trends,  24-hour  new  snowfall,  water  equivalent, 
total  snow  depth  on  the  ground,  and  tempera- 
ture extremes.  Data  format  for  both  weather 
and  avalanches  is  identical  to  that  used  by 
stations  on  the  Forest  Service  weather  and 
avalanche   reporting    network    (Judson    1970). 

For  a  first  approximation,  weather  and 
avalanche  data  from  23  avalanche  paths  were 
analyzed  by  univariate  techniques  similar  to 
Perla's  (1970)    analysis   of  contributing  factors 


in  avalanche  hazard  evaluation.  This  univariate 
analysis  resulted  in  a  relatively  simple  two- 
parameter  storm  index  that  effectively  predicts 
the  number  of  avalanches  expected  on  the  23 
paths.  Thirteen  factors  isolated  in  the  univariate 
analysis  were  subsequently  subjected  to  a 
multivariate  discriminant  function  analysis  to 
produce  a  more  refined  three-variable  model  to 
predict  the  likelihood  of  avalanches  on  eight 
paths.  This  model  will  be  thoroughly  evaluated 
and  further  refined  in  the  coming  avalanche 
season. 


The  Univariate  Analysis 


Seven  winters  of  data  (1963-70)  were  used 
in  this  phase  of  the  study.  Twenty-three 
avalanche  paths  located  in  the  Central  Rockies 
near  Berthoud  Pass,  the  Urad  Mine,  and  Love- 
land  Pass  were  selected  for  analysis  (table  1). 
Avalanche  records  for  these  paths  were  uni- 
formly good,  and  the  group  had  terrain  features 
representative  of  most  paths  in  the  Front  Range. 
Nineteen  paths  in  this  group  were  controlled 
by  explosives.  The  group  included  moderate- 
and  high-frequency  paths  which  produced  an 
average  total  of  93  avalanches  per  winter  during 
the  8  winters,  1963-71. 

Scatter  diagrams  and  linear  regression 
proved  useful  in  delineating  important  weather 
factors.  The  number  of  avalanches  from  the 
23  paths  was  plotted  as  a  function  of  single 
weather  factors  or  simple  combinations  of  them 
during  42  storms.  Storms  were  defined  on  the 
basis  of  precipitation  episodes  during  the 
months  of  December  through  March.  The  be- 
ginning of  a  storm  was  defined  as  a  time  when 
measurable  precipitation  fell  in  two  consecutive 
6-hour  periods.  A  storm  was  considered  over 
when  precipitation  ceased  for  three  or  more 
consecutive  6-hour  periods. 


Table  l.--Some  features  of  the  23  avalanche  paths  (19  controlled)  used  in  the  univariate  analysis, 

7  winters  of  data  (1963-70) 


Locat  ion 

Start  ing 

zone 

aspect 

Vertical 
drop 

Events  record 

ed,  1963-71 

Path  name 

Path 
frequency 

Control  1 ed 
dur  ing 

per  winter 

per  iod 

Degrees 

Feet 

Number 

Percent 

Lift  Gul ly 

Berthoud  Pass 

Ski 

A 

rea 

100 

360 

16 

Sk 

Seven  Sister  1 

U.S. 

6 

05 

600 

6 

56 

Seven  Sister  3 

U.S. 

6 

360 

6^40 

7 

Sk 

Seven  Sister  7 

U.S. 

6 

360 

750 

2 

81 

Four  B 

Urad 

Mine 

105 

1,8'*0 

k 

89 

Northwest  Red 

Urad 

Mine 

350 

1,8'40 

5 

7'* 

Roll 

Berthoud  Pass 

Ski 

A 

rea 

80 

350 

k 

66 

Five  A 

Urad 

Mine 

125 

1,600 

k 

68 

Five  B 

Urad 

Mine 

165 

1,810 

3 

75 

Current  Creek 

Berthoud  Pass 

Ski 

A 

rea 

85 

500 

8 

0 

Stanley 

U.S. 

ko 

160 

2,760 

3 

5k 

Four  A 

Urad 

Mine 

90 

],8hO 

k 

90 

South  Chute  Rol 1 

Berthoud  Pass 

Ski 

A 

rea 

30 

350 

3 

7k 

One  C 

Urad 

Mine 

160 

2,120 

2 

72 

One  E 

Urad 

Mine 

170 

1,900 

k 

81 

Bethel 

U.S. 

6 

160 

2,200 

3 

]k 

Dam 

U.S. 

ko 

70 

2,600 

3 

0 

Five  C 

Urad 

Mine 

360 

1,8itO 

2 

71 

Five  Car 

U.S. 

6 

75 

ijOO 

2 

33 

Little  Professor 

U.S. 

6 

I'tO 

1.360 

2 

27 

Floral  Park 

U.S. 

ho 

290 

920 

2 

8 

Black  Widow 

U.S. 

6 

160 

1,6^40 

2 

17 

Berthoud  Fal Is 

U.S. 

'♦O 

05 

2,i»i»0 

2 

0  ' 

Some  weather  factors,  such  as  total  water 
equivalent  (fig.  1),  showed  definite  trends  while 
others  showed  little  or  no  relation  to  avalanche 
activity  (fig.  2).  Several  factors  were  eliminated 
on  this  basis.  Weather  factors  tested  against 
avalanche  occurrence  by  scatter  diagrams  and 
linear  regression  during  42  storms  were: 

Factors  kept  for  further  analysis 

1.  24-hour  water  equivalent. 

2.  24-hour  snowfall. 

3.  Maximum  precipitation  intensity. 

4.  Maximum  precipitation  intensity  modified 
for  excessive  wind. 

Factors  rejected  from  further  analysis 

1.  Average  windspeed. 

2.  Sums  and  cross  products  of  maximum  pre- 
cipitation intensity  and  windspeed  (several 
combinations). 

3.  Temperature  change  during  storms. 

4.  New  snow  density. 

5.  Settlement. 


Wind  direction  was  not  analyzed  during 
this  part  of  the  study  because  the  paths  had 
many  aspects,  and  wind  direction  varied  con- 
siderably during  single  storms.  Much  of  this 
variation  was  due  to  the  approach  and  passage 
of  upper  level  troughs.  The  usual  sequence  was 
from  SW  to  W  to  NW. 


The  Storm  Index 


Factors  kept  for  further  analysis  were  sub- 
jected to  regression  analysis  using  data  from 
81  storms  during  1963-70.  The  factor  best  cor- 
related with  avalanche  activity  was  the  sum  of 
the  maximum  precipitation  intensities  multi- 
plied by  a  constant  for  excessive  windspeed. 
This  factor  (ZPk),  termed  the  storm  index, 
predicts  the  total  number  of  avalanches  (con- 
trolled or  natural)  expected  on  the  23  paths  as 
the  result  of  a  storm.   For  existing  data,  the 
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Figure  1. — Number  of  avalanches  from  23  paths 
as  a  function  of  the  24-hour  water  equivalent 
of  newly  fallen  snow,    7  winters,    1963-70. 


Figure  2. — Number  of  avalanches  from  23  paths 
as  a  function  of  the  temperature  change 
during  storms,    7  winters,   1963-70. 


10  15 

Storm  index 

Figure  3. — The  storm  index,    with   95  percent 
continuous  confidence  intervals  for   the 
mean  of  all   future  observations .      The 
number  of  avalanches  expected,   based  on   7 
winters'   data,    1963-70,   on   the  23  paths   = 

y  =   -1.31    +   0.76    [l"  Pk\ 

where: 

n  =  number  of  6-hour  periods  in  a   storm; 

P   =  maximum  3-hour  precipitation  intensity 

within  each  6-hour  period; 
k  =  a   constant. 

k  =  1    with  windspeeds   <    27  m.p.h. 
k   =  0.3  with  windspeeds   >_  27  m.p.h. 

The  correlation   coefficient  r  =   0.86. 


index  has  a  correlation  r  of  0.86  and  a  standard 
error  of  ±  2.7  (fig.  3). 

The  storm  index  is  computed  every  6  hours 
and  requires  minimum  instrumentation  — a 
recording  precipitation  gage  and  a  continuous 
windspeed  record  give  the  required  data.  This 
index  was  developed  with  avalanche  data  from 
paths  that  have  been  reliable  indicators  of 
avalanche  activity  in  the  Loveland-Berthoud 
Pass  areas  west  of  Denver. 

The  storm  index  was  tested  on  20  storms 
during  1971-72  (fig.  4)  with  satisfactory  results. 


Figure  4. — Scatter  diagram  of  observed  versus 
predicted  avalanches  for  20  storms  during 
1971-72.      Predictions  based  on  the  storm 
index  derived  from  1963-70  data. 


The  predicted  numbers  of  avalanches  fell  within 
the  confidence  intervals  shown  in  figure  3. 
Observed  values  were  not  consistently  above 
or  below  the  predicted,  and  scatter  about  the 
regression  line  appears  to  be  random.  Much  of 
the  scatter  is  attributed  to  nonuniform  control 
efforts  due  to  other  operational  considerations 
confronted   by  highway  and  mine  personnel. 

It  was  interesting  to  note  that  another 
storm  index,  developed  with  avalanche  data 
from  23  uncontrolled  avalanche  paths,  had  a 
much  lower  correlation  coefficient  and  a  greater 
degree  of  scatter  than  the  one  we  finally 
developed.  This  difference  implies  that  fore- 
casting indices  based  on  avalanche  data  from 
uncontrolled  paths  are  difficult  to  interpret  and 
are  less  reliable  as  forecast  guides. 

The  main  drawback  with  the  storm  index 
is  that  the  index  is  highest  near  the  end  of 
storms,  even  though  hazard  may  be  decreasing 
because  some  avalanches  have  already  fallen 
and  the  snow  is  stabilizing.  A  way  of  reducing 
the  index  toward  the  end  of  the  storm  (a  decay 
function)  is  badly  needed  and  is  now  under 
study. 


Applications 


The  storm  index  should  have  some  applica- 
tion in  other  mountain  areas.  It  utilizes 
precipitation  intensity  and  windspeed  during 
storms  to  predict  the  expected  intensity  of 
avalanching  on  an  area  basis.  Because  this 
index  was  developed  using  avalanche  data  from 
23  paths  that  have  a  wide  variety  of  physical 
features,  we  believe  it  will  work,  with  some 
modifications,  at  most  avalanche  areas.  The 
two  weather  factors  comprising  the  stoim  index 
are  directly  related  to  the  rate  of  loading  on 
avalanche  slopes.  The  rate  of  loading  is  a  prime 
factor  contributing  to  avalanche  release  at  any 
area.  Plans  are  being  developed  for  testing  the 
storm  index  at  other  avalanche  areas. 


ways,  so  a  single  path  analysis  was  indicated. 
A  discriminant  function  analysis  was  selected 
for  the  second  phase  of  the  study. 

A  group  of  10  well-defined,  controlled  paths 
(table  2)  were  selected  for  this  analysis.  Data 
from  1952-71  were  analyzed.  Like  those  in  the 
first  phase  of  this  study,  these  paths  run  fre- 
quently, and  data  on  their  occurrence  and 
control  were  uniformly  good.  They  are  repre- 
sentative of  many  moderate-  to  high-frequency 
paths  in  the  Front  Range  because  of  then- 
location,  physical  features,  and  wide  variety  of 
starting  zone  aspects.  Eight  paths  threaten 
highways  or  roads,  and  two  are  in  a  ski  area. 
None  are  skied. 


The  Discriminant  Function 


The  discriminant  function  is  a  multivariate 
statistical  technique  of  assigning  data  into  two 
or  more  groups  based  on  prior  knowledge.  More 
specifically,  it  is  the  linear  component  of  p 
variables  which  maximizes  the  ratio  of  the 
between-groups  variance  to  the  within-groups 
variance. 

In  general  form,  the  discriminant  function 
is  written  as 


L  =    6iXi    +    62X2    + 


+    B   X 
P   P 


[1] 


The  discriminant  coefficients  B 1 ,  6  2  ■  ■  ■  S  p  are 
computed  using  the  Fisher  method  discussed 
by  Rao  (1952).  The  multivariate  mean  of  group 
1  is  given  by 

Ri    =    61X11    +    62X21    +    .     .     . 


and  of  group  2  by 

R2   =   61X12   +   62X22   + 


5   X 
P   Pi 


+    6   X        [3] 
P   P2    '•  ^ 


The  generalized  distance  between  the  group 
means,  called  Mahalanobis'  D^,  is  the  difference 
between  the  group  means.  Hence 

D^    =   Ri    -   R2  [4] 


The  Multivariate  Analysis 


Weather  factors  other  than  precipitation 
intensity  and  windspeed  affect  avalanche  forma- 
tion. Moreover,  because  it  is  the  combined  effect 
of  several  factors  which  determines  snow 
stability,  it  appeared  logical  to  try  a  multivariate 
approach  to  predicting  avalanche  potential. 
Also,  factors  affect  individual  paths  in  different 


The  discriminant  function  is  tested  for  signif- 
icance using  the  F  ratio  involving  D^.  When 
the  function  is  significant,  there  is  a  real 
difference  between  groups.  The  discriminant 
index  Ro,  which  determines  the  group  classifica- 
tion of  future  data,  is  a  weighted  average  of 
the  group  means: 


R      = 
o 


niRi    +   n2R2 
Hi    +  n2 


[5] 


Table  2.--Pert Inent  features  of  the  10  avalanche  paths  (controlled)  used  in  the  multivariate 

analysis,  1952-71  data 


Location 

Starting  zone 

Verti- 
cal 
drop 

Events  record 

ed,  1963-71 

Path  name 

Path 
frequency 
per  winter 

Control  led 

Area 

Aspect 

Shape 

during 
period 

Acres 

Degrees 

Feet 

Number 

Percent 

Lift  Gul ly 

Berthoud  Pass 
Ski  Area 

0. 

2 

100 

Bowl -shaped 
depression 

360 

16 

Si* 

Cliff 

Berthoud  Pass 
Ski  Area 

0. 

h 

90 

Straight  ramp 

350 

9 

89 

Floral  Park 

U.S.  ko 

10 

290 

Poorly  defined, 
si ight  depressions 
with  a  midway  bench 

920 

2 

8 

Stanley 

U.S.  i»0 

20 

160 

Broad  bowl -shaped 
depressions  and 
shal low  gul 1 ies 

2,760 

3 

5^ 

Northwest  Red 

Urad  Mine 

22 

350 

Steep  bowl -shaped 
depression  with 
gul 1 ies 

I,8i»0 

5 

74 

Four  A 

Urad  Mine 

10 

90 

Shal low  gul 1 ies 
topped  by  a  cl iff 

1,8^*0 

k 

90 

Four  B 

Urad  Mine 

15 

105 

Bowl -shaped 
depression  with 
central  gully 

],8kO 

k 

89 

Bethel 

U.S.  6 

15 

160 

Straight  slope 
feeding  a  gully 
from  the  side 

2,200 

3 

14 

Seven  Sister  3 

U.S.  6 

0. 

5 

360 

Broad  and  shal low 
gully 

SkO 

8 

Sk 

Seven  Sister  6 

U.S.  6 

k 

360 

Shal low  depression 

1.050 

7 

56 

flanked  by  a 
prominent  rock  rib 


Vhen  L  >  Rq,  the  event  is  classified  in  group  1. 
The  validity  of  Rq  is  attained  by  computing  the 
brobability  of  misclassification.  This  is  done  by 
kntering  D/2  in  a  cumulative  normal  frequency 
listribution  table  of  the  normal  deviate. 
i  The  discriminant  function  was  introduced 
[iy  Fisher  in  1938.  It  has  since  been  used  in 
Ipedicine,  psychology,  engineering,  biology, 
jconomics,  anthropology,  and  geology.  Weeks^ 
i'as  first  to  use  the  technique  on  weather  and 
(valanche  data.  Bois  and  Obled  [1972]  recently 
legan  work  with  the  discriminant  function  on 
ata  from  Switzerland. 


■Unpublished    data     [1967],     U.  S.    Army    Materiel 
ommand,  Cold  Regions  Res.  and  Eng.  Lab.,  Hanover, 
H. 


Analysis  of  Data 

This  study  was  confined  to  the  period, 
November  15  to  April  15,  which  limits  the 
analysis  to  dry  snow  at  this  site.  A  20-inch 
snow  depth  threshold  at  the  Berthoud  Pass 
weather  and  snow  study  site  was  required 
before  analysis  began.  Data  from  1952  through 
1971  were  used.  Group  classifications  were  based 
on  control  results.  Snow  was  defined  as  un- 
stable (group  1)  when  control  efforts  produced 
a  slide  or  when  a  natural  avalanche  occurred. 
Snow  was  classified  stable  (group  2)  when 
control  efforts  failed  to  initiate  an  avalanche. 
Weather  data  for  both  groups  were  limited  to 
the  interval  between  control  applications  and/or 
to  the  time  between  natural  avalanches  on  each 
path.  These  intervals  varied  from  1  day  to  6 
weeks. 


^  «lfc^ 


1 

K  V    *j|^^^^^|  _j 

r 

•%. 

Hh    *  .jfl^^^ 

1  / 

» 

k 

• 

f -^ 


-  •*   .* 


4fi-* 


.1^ 


f    • 


rr 


y%^ 


C- 


/#    _ 


^ 


>^^-  ■  ^Aj-  f. 


,».« »_^  >> 


'■J   'M  %\ 


nr 


A  preprocessing  program  (WXDAT)  was 
written  to  select  weather  data  for  both  groups 
rom  a  master  file  of  Berthoud  Pass  raw 
weather  data  on  magnetic  tape.  WXDAT  pre- 
ares  an  input  file  of  selected  weather  variables 
pr  the  discriminant  function  program.  The 
rogram  written  by  Davis  and  Sampson  (1966) 
3r  the  IBM  1620  was  used  in  our  analysis.  This 
rogram  was  converted  for  use  on  a  CDC  6400 
omputer  at  Colorado  State  University.  The 
rogram  avoids  complex  matrix  inversion  and 
omputes  the  discriminant  function  coefficients 
ir  two  groups  with  a  maximum  of  20  variables, 
rogram  outputs  include  the  discriminant  index 
the  multivariate  group  means  R,  and  R2, 
tie  F  ratio,  and  Mahalanobis'  D^.  Additional 
utputs  were  added  as  analytical  aids.  The 
umber  of  cases  in  each  group  does  not  have 
be  equal,  but  must  exceed  the  number  of 
ariables. 

Variates  used  with  the  program  must  not 
highly  interrelated,  a  constraint  which 
Presented  an  immediate  problem  since  weather 
ariables  are  correlated.  Fortunately,  a  linear 
epwise  program  could  be  applied  to  the  dis- 
Kminant  problem  due  to  the  mathematical 
juivalence  between  the  models.  The  correla- 
on  matrix  provided  by  the  stepwise  program 
as  used  to  delete  highly  interrelated  variates 
hich  add  little  to  the  analysis. 

For  computational  convenience,  the  step- 
ise  program  was  given  a  dummied  predictand 
"  follows:    Taking  n,  cases  in  group  1  and  nj 
ises  in  group  2,  we  compute  a  predictand 

/     n,    +  nj  for  all  cases  in  group  1  and 
,     /     n,    +    Uj  for  all  cases  in  group  2.  The 
/erage  value  of  the  predictand  is  zero  since 


n,  +  n- 


=  0 


[6] 


sed  in  this  manner,  the  stepwise  or  screening 

i"ogram  provides   a  ranking  of  variates  based 

jii  the  increase  in  explained  variance.  The  first 

mriate  is   selected  on  the  basis  of  having  the 

ighest  F  value  at  a  given  level.  Once  selected, 

;  is   held  aside,   and   the  program  selects  the 

iiiate    with  the  highest  F    value    of    the 

,:maining  parameters,  and  so  on.  The  screening 

ogram    provides     an  unbiased   selection     of 

u"iates   which   are  then  run  through  the  dis- 

iminant    function    program.   The   screening 

ogram    is    terminated    when    the    additional 

iriables  entered  are  not  significant. 

The  following  13  variables  were  selected 
r  analysis  on  the  basis  of  field  experience 
id  the  earlier  univariate  analysis: 


10. 
11. 


12. 


13. 


Sum  of  24-hour  water  equivalents. 

Sum  of  the  maximum  3-hour  precipitation 

intensities  in   each   6-hour  period  decayed 

over  the  interval. 

Same  as  No.  2  without  the  decay  function. 

Sum  of  maximum  precipitation  intensities 

decreased  for  excessive  windspeeds. 

Count   of   6-hour  windspeeds  <   15  m.p.h. 

Count  of  6-hour  windspeeds  between  15  and 

27  m.p.h. 

Count  of  6-hour  windspeeds  >  27  m.p.h. 

Count   of    6-hour    temperatures         20°    F. 

Sum  of  the  negative  temperature  departures 

from  20°  F. 

Average  precipitation  intensity. 

Sum    of    windspeeds    during    precipitation 

periods,  resolved  to  an  optimum  direction 

for  each  path. 

Sum  of  windspeeds  resolved  to  an  optimum 

direction  for  each  path. 

Sum  of  squares  of  windspeeds  resolved  to 

an  optimum  direction  for  each  path. 


Results  and  Discussion 


The  discriminant  function  on  8  of  the  10 
paths  was  significant  at  either  the  1-  or  5-per- 
cent level.  The  avalanche  records  for  the  two 
paths  failing  the  significance  test  were  found 
to  be  incomplete  because  control  teams  failed 
to  enter  negative  control  results.  Such  data  are 
critical  since  they  define  the  time  interval  for 
weather  data  used  in  the  analysis.  Neither  path 
provided  a  meaningful  discriminant  function. 

Results  of  the  study  are  summarized  in 
table  3.  The  most  important  variates  are: 


No.     Designation 


2PI*D 


9       SNeg  TT 


12  SVVr 


Variable 

Sum  of  the  maximurn  consec- 
utive 3-hour  precipitation 
intensities  within  each  6-hour 
period  decayed  over  the 
interval. 

Sum  of  the  6-hour  negative 
temperature  departures  from 
20°  F. 

Sum  of  the  windspeeds  2  15 
m.p.h.  resolved  to  an  optimum 
direction  for  each  path. 


Maximum  precipitation  rates  with  a  decay  func- 
tion (zPI*D)  dominated  avalanche  response  on 
five  of  the  eight  paths,  while  windspeed 
resolved  to  an  optimum  direction  for  each  path 


Table   3- ""Composi te   summary  of   statistical    data,    multivariate  analysis,    1952-71    data 


Path 


(1) 


Sign! f i - 
cance 
level 
(2) 


Coeffici- 
ent 

(3) 


Variable 
symbol ^ 


Var  iable 
number^ 

(5) 


(6) 


Probabi 1 i  ty 

Increase  in 

of  misclassi- 

f ication 

(7) 

explained 

variance^ 

(8) 

R 
o 

(9 

Lift  Gul ly 


Cliff 


Floral  Park 


Stanley 


Northwest  Red 


Four  A 


Four  B 


Bethel 


Percent 
1 


0.011 

,280 
.000 

.k\e 

.00'4 

.'♦95 
.001 
.000 

.29^ 

.GO/* 

■  .OOi* 

.005 

.Ul 
.000 

.288 
.003 
.000 

.011 

.OOi* 
.08k 

.325 
.003 

.000 


ZVV 


12 


1.68 


NW 

EPI^D 

2 

ZNeg  TT 

9 

EPI^D 

2 

2.06 

^^^NW 

12 

IPI*D 

2 

2.50 

ZNeg  TT 

12 

^^^W 

9 

IPI'^D 

2 

1.60 

ZNeg  TT 

9 

^^^NW 

12 

^^^W 

12 

1.07 

EPIAD 

2 

ZNeg  TT 

9 

EPI'^D 

2 

1.06 

ENeg  TT 

9 

EVV^P 

12 

^vv„ 

12 

2.10 

INeg  TT 

9 

EPI'^D 

2 

EPI^D 

2 

2.23 

^^^NW 

12 

INeg  TT 

9 

0.26 


.2k 


,21 


,26 


.30 


.29 


.2^. 


.23 


0.1907 


.0]k] 


2.2 


.0967 
.0001 

.2904 
.OkkS 

3.3 

.3909 
.0126 
.0021 

i..6 

.1863 
.06'40 
.0'4  38 

2.6 

.1671 

1.6 

.O^jifO 
.0053 

.1655 
.0530 
.0005 

2.7 

.3095 

2.« 

.0295 

.0119 

.30'»8 
.0^07 

k.' 

Variable  symbols  and  numbers  are  explained  on  page  9. 

^Numbers  in  this  column  were  provided  by  the  screening  program;  they  determine  the  relative 


order  of  importance  of  the  variables. 


(2VVp)  was  the  primar>'  factor  on  three  paths. 
An  arbitrary  decay  function  was  used  to  decrease 
the  sum  of  the  precipitation  intensities  with 
time.  The  function  is  held  at  one  for  the  first 
2  days,  reaches  0.5  on  the  5th  day,  and  levels 
off  at  0.2  from  the  9th  day  on.  This  function, 
used  to  simulate  stabilization  with  time, 
decreased  the  probability  of  misclassificationon 
seven  of  eight  paths.  This  parameter  is  currently 
being  refined  for  both  wind  and  precipitation. 
Temperature  appears  to  be  an  important  second- 
ary factor.  It  was  the  second  most  important 
variate  on  three  paths. 

The   stepwise   program   is   affected  by  cor- 
relation between  independent  variables.  There- 


fore, the  order  of  importance  (table  3)  i; 
relative.  The  primary  validity  of  the  variabl 
selected  is  given  by  the  probability  of  misclaj- 
ification  in  column  7  of  table  3.  Variabl  ■ 
contributing  the  least  toward  the  explain"  >' 
variance  have  coefficients  near  zero.  Becau 
there  is  some  correlation  between  variable  • 
coefficients  may  be  negative  in  a  few  cast:; 
even  though  the  physical  effect  of  the  variabl' 
is  assumed  to  be  positive.  I 

The  multivariate  analysis  indicates  that  (1| 
precipitation  intensity,  (2)  windspeed  resolv ; 
to  an  optimum  direction  for  each  path,  and  (i 
temperature  can  be  used  to  predict  the  likeliho  • 
of  avalanches.   Even  more  important,  thest 
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variables  predict  avalanche  activity  on  the  test 
)aths  more  accurately  than  do  all  13  variables 
ombined. 

The  variables  and  order  of  importance  are 
lifferent  for  different  paths.  Paths  with  a  high 
requency  of  occurrence  are  less  affected  by  low 
emperatures  than  are  paths  that  run  less  often, 
vhich  is  no  surprise  since  it  takes  time  to 
hange  snow  stiucture.  The  effects  of  rapid 
emperature  changes  on  avalanche  release  were 
lot  examined  due  to  insufficient  data.  In  this 
egard,  one  must  realize  that  rapidly  falling 
emperatures  occur  almost  every  afternoon, 
)ut  avalanches  do  not. 


Vpplications 


The  technique  and  analysis  developed  in 
he  second  phase  of  this  study  can  be  applied 
o  weather  and  avalanche  data  anywhere. 
A^eather  factors  dominating  avalanche  activity 
It  the  Colorado  study  area  will  probably  be  key 
actors  in  other  areas  where  dry  snow  avalanches 
ire  the  main  problem.  The  specific  coefficients 
lerived  in  this  study  will  be  different  at  other 
ocations,but  the  magnitude  of  these  differences 
s  not  presently  known. 


Current  plans  call  for  testing  the  three- 
variable  model  by  using  the  eight  avalanche 
paths  used  in  the  second  phase  of  this  study  as 
an  index  of  avalanche  activity  in  the  100-square- 
mile  area  between  Arapaho  Basin  and  Berthoud 
Pass.  The  response  from  the  index  group 
resembles  the  occurrence  pattern  of  avalanches 
from  40  other  paths  in  the  area  (fig.  5).  The 
probability  of  misclassification  (column  7,  table 
3)  indicates  activity  from  the  index  group  can 
be  correctly  predicted  70  to  80  percent  of  the 
time.  If  an  independent  set  of  data  confirm 
this  accuracy  the  discriminant  function  coeffi- 
cients and  variables  for  the  index  group  could 
serve  as  a  basis  for  regional  avalanche  warnings 
as  well  as  a  guide  for  avalanche  control  on  the 
eight  index  paths. 

The  L  values,  or  discriminant  scores,  could 
be  calculated  and  pooled  for  the  index  paths 
every  6  hours  to  simulate  avalanche  activity 
on  a  real-time  basis.  When  L  exceeds  the  dis- 
criminant index  Ro  for  a  given  path,  the 
function  predicts  the  path  will  avalanche  either 
naturally  or  artificially.  For  example,  the  dis- 
criminant function  for  the  Lift  Gully  in  table  3 
is: 
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Figure  5. — Relationship  between   daily  avalanche  response  from   the  8   index 
paths  and  40  other  paths  in   the  same  general   area,   March  10   to  April   10, 
1965. 
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During  one  42-hour  period  in  December  1964, 
the  values  for  the  variables  were  65.9  and  8.5, 
respectively.  Substituting  in  the  formula: 

L   =    0.011(65.9)    +    0.28(8.5)     =     3.1 

Ro  for  this  path  is  2.26,  the  discriminant  index 
was  exceeded,  and  the  slope avalanched.  Similar 
calculations  can  be  made  for  all  index  paths. 
At  present,  individual  L  values  are  reset  to 
zero  when  a  slope  avalanches  or  when  it  is  shot 
with  no  results.  The  decay  function  reduces 
the  sum,  of  the  maximum  precipitation  intensi- 
ties (2PI)  with  time.  Wind  and  temperature 
could  be  treated  in  the  same  manner,  so  that 
L  for  all  paths  and  therefore  L  -  Ro,  which 
represents  the  likelihood  of  avalanching,  would 
fluctuate  through  periodic  cycles  simulating 
avalanche  activity  in  the  region. 


Summary  and  Implications 


The  storm  index  developed  and  tested  in 
the  first  phase  of  the  study  consists  of  the  sum 
of  the  maximum  3-hour  precipitation  intensities 
multiplied  by  a  constant  for  excessive  wind- 
speed  (2Pk).  It  predicts  the  number  of  ava- 
lanches expected  on  23  paths  in  Colorado's 
Front  Range  during  storms.  It  could  be  used  as 
an  objective  guide  for  issuing  regional  avalanche 
warnings.  Its  main  limitations  are:  (1)  it  can 
be  used  only  during  precipitation  periods,  and 
(2)  it  contains  no  provision  for  a  decrease  in 
avalanche  hazard  during  and  following  storms. 
With  modifications,  it  can  probably  be  used  at 
other  mountain  locations  where  dry  snow  ava- 
lanches are  the  primary  problem.  An  identical 
model  made  with  the  same  weather  data  but 
based  on  avalanche  activity  from  23  uncon- 
trolled paths  yielded  poor  results.  It  is  therefore 
recommended  that  similar  models  developed 
at  other  mountain  areas  be  based  on  avalanche 
activity  from  paths  which  are  controlled. 

The  three-variable  model  developed  in  the 
second  phase  uses  maximum  precipitation  in- 
tensity, windspeed  and  direction,  and  tempera- 
ture to  predict  the  likelihood  of  avalanches  on 
eight  controlled  paths  intheBerthoud-Loveland 
Pass  area.  The  model  is  untested.  If  planned 
test  results  are  satisfactory,  this  model  will 
serve  as  a  guide  for  control  decisions  on  the 
eight  paths.  It  could  also  provide  the  means 
for  issuing  a  regional  avalanche  warning  and 
for  lifting  that  warning.  The  three-variable 
model  is  more  flexible  than  the  storm  index 


because  the  calculation  of  L,  or  the  likelihood 
of  avalanching,  begins  when  snow  depth  or 
the  ground  reaches  a  threshold  depth  in  earlj 
winter,  and  continues  uninterrupted  until 
spring.  The  L  values  increase  and  decrease  with 
time  and  avalanche  activity.  This  model  could 
provide  a  daily  rating  of  avalanche  hazard 
which  is  independent  of  any  subjective  defini- 
tion of  storms.  The  main  contribution  from  this 
second  phase  is  the  technique  which  can  be 
used  to  evaluate  weather  and  avalanche  data 
from  any  mountain  area.  The  weather  factors 
which  were  found  to  dominate  avalanche  activity 
in  this  study  will  probably  be  key  weathei 
factors  affecting  avalanche  response  at  othei 
mountain  locations  where  dry  snow  is  common, 
Although  much  work  remains,  an  objective 
basis  for  issuing  regional  avalanche  warnings 
is  now  possible.  Additional  variables  that  would 
give  an  indication  of  stress  conditions  within 
the  snow  cover,  if  they  can  be  isolated  and 
measured,  would  enhance  the  reliability  of  such 
warnings.  Until  we  learn  more  about  how  to 
isolate  and  measure  the  snow-cover  features 
pertinent  to  avalanche  release,  any  objective 
avalanche  warning  scheme  will  be  primarily 
dependent  on  weather  factors. 
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Abstract 

Geologic  features  of  four  parts  of  the  Montane  Zone  of  central 
Colorado  are  described:  (1)  the  Front  Range,  (2)  the  Sangre  de 
Cristo  Mountains,  (3)  the  Spanish  Peaks,  and  (4)  the  Wet 
Mountains.  Detailed  description  and  geologic  map  of  the  Manitou 
Experimental  Forest  are  included,  which  provide  some  of  the  in- 
formation useful  in  determining  applicability  of  study  results  to 
other  parts  of  the  Zone. 

Oxford:    551:788.    Keywords:    Geologic  structures,  Colorado  Front 
Range,  Montane  Zone. 
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GEOLOGY  OF  THE  MONTANE  ZONE  OF  CENTRAL  COLORADO 
With  Emphasis  on  Manitou  Park 


Steven    R.  Marcus 


Use  of  the  Montane  Zone  of  central  Colorado 
for  residential  development  and  recreation  is 
increasing  rapidly.  These  activities,  plus  the 
need  for  a  high  level  of  management  of  all 
natural  resources,  place  great  demands  on  land 
managers  and  other  decisionmakers.  Complex 
decisions  that  involve  people  and  their  use  of 
the  resources  must  be  made  with  knowledge  of 
the  effect  of  one  activity  on  many  others.  A 
series  of  studies  is  underway  to  provide  decision- 
makers with  facts  and  tools  that  will  help  them 
do  a  better  job.  This  publication  provides  a 
summary  of  some  of  the  information  that  is 
basic  to  these  studies. 

Most  of  the  Montane  Zone  of  central 
Colorado  occurs  on  four  geologic  units:  (1)  the 
Front  Range,  (2)  the  SangredeCristo Mountains, 
(3)  the  Spanish  Peaks,  and  (4)  the  Wet  Moun- 
tains. Each  is  described  in  this  Paper.  Detailed 
studies  of  Montane  Zone  resources  are  being 
conducted  at  the  Manitou  Experimental  Forest, 
west  of  Colorado  Springs.  Geologic  features 
on  and  near  the  Experimental  Forest,  the 
Manitou  Park  area,  are  described  in  detail. 
Decisionmakers  throughout  the  Montane  Zone 
of  Colorado  can  compare  conditions  at  Manitou 
Park  with  those  of  their  area  of  interest.  This 
provides  one  means  of  determining  how  well 
results  of  studies  may  be  extrapolated  to  their 
area. 

Front  Range 
Igneous  and  Metamorphlc  Petrology 

The  Front  Range  extends  from  the  Wyoming 
border  to  just  south  of  Denver  on  the  eastern 
slope  of  the  Colorado  Rockies,  and  trends  from 
directly  north-south  to  N.  20°  W.  It  consists  of 
a  wide  variety  of  metamorphic  and  granitic 
rocks.  Since  the  granitic  rocks  intrude  the 
metamorphic  layers,  the  metamorphics  are  there- 
fore older. 

There  are  three  major  granitic  plutons  in 
the  Front  Range:  Pikes  Peak  Granite  in  the 
south,  and  Boulder  Creek  and  Silver  Plume 
Granites   in  the  northern  two-thirds   (fig.   1). 


According  to  radiometric  data  cited  by  Hedge 
et  al.  (1967),  the  Boulder  Creek  Granite  is  the 
oldest,  Silver  Plume  Granite  intermediate,  and 
Pikes  Peak  Granite  is  the  youngest.  There  are 
only  minor  differences  in  composition  between 
the  different  granitic  types  (Lovering  and 
Goddard  1950);  one  difference  is  that  Pikes 
Peak  Granite  is  slightly  richer  in  silica  than  the 
others   (table   1). 
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ffffflffl 
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Figure  1.— Granites  of  the  Front  Range. 


Table    I 


■-Chemical    composition  of  the   granites  of  the   Front   Range    (after   Loverinq   and   Goddard 
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3.  Gneissic  aplite  near  the  breast  of  the  Lilly  tunnel,  Clyde  mine, 
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Boulder  Creek  Granite 

This  granite  is  consistently  light  gray  to 
dark  gray,  faintly  banded  to  gneissic,  and 
biotite  rich.  Strung-out  aggregates  of  black 
biotite  and  embayed  grains  of  K-feldspar  dis- 
tinguish the  outcrops.  The  fresh  rock  is  medium 
to  coarse  grained,  massive,  and  tough.  It 
disintegrates  to  gray  or  rusty  gravel  of  biotite- 
flected  quartz  and  feldspar  crystals.  Pegmatites 
of  Boulder  Creek  genesis  contain  books  of 
biotite. 


Silver  Plume  Granite 

This  granite  occurs  in  five  small  batholiths, 
numerous  plutons,  and  many  dikes  and  sills 
in  the  eastern  flank  of  the  Front  Range.  The 
granites  that  compose  the  Log  Cabin,  Longs 
Peak-St.  Vrain,  Kenosha,  and  Cripple  Creek 
batholiths  and  Indian  Creek  plutons  are  variants 


of  the  typical  granite  of  the  Silver  Plume  bath- 
olith  and  have  a  common  magmatic  source. 
Typical,  fresh  Silver  Plume-type  granite  is- 
massive,  hard,  and  tough.  It  is  flesh  colored 
to  tan,  fine  to  medium  grained,  and  produces 
little  gravel.  Pegmatites  genetically  related  to 
Silver  Plume-type  granites  are  fresh,  flesh 
colored  to  gray,  and  consist  mostly  of  abundant 
smoky  quartz,  flesh-colored  potash  feldspar, 
and  silver-colored  muscovite. 


Pikes  Peak  Granite 

The  Pikes  Peak  batholith  crops  out  ove: 
80  percent,  or  about  1,250  square  miles,  of  th< 
southern  third  of  the  Front  Range,  while  tht 
Sherman  batholith  covers  less  than  150  squan 
miles  of  the  north  end.  These  two  granites  an 
nearly  identical  in  mineral  content,  texture  ' 
color,  and  response  to  weathering. 


Metamorphic  Rocks 

The  unit  of  biotite  gneiss  along  the  south- 
eastern margin  of  the  central  Front  Range  is 
considered  the  lowest  unit  in  the  area.  The 
Idaho  Springs  layer,  a  lenticular  layer  of  micro- 
cline-quartz-plagioclase-biotite  gneiss,  overlies 
the  biotite  gneiss.  This  unit  pinches  out  in 
depth  and  to  the  south,  but  appears  to  thicken 
toward  the  east.  Another  layer  that  differs  from 
the  lowest  exposed  biotite  gneiss,  mainly  in 
containing  less  granite  gneiss  and  pegmatite, 
overlies  the  Idaho  Springs  layer.  Above  this 
unit   is   the   Central   City   layer   of  microcline- 

quartz-plagioclase-biotite  gneiss,  a  unit  that 
appears  to  be  uniformly  thick  throughout  the 
northeastern  part  of  the  central  Front  Range 
but  pinches  out  southwest  of  Idaho  Springs. 
Above  the  Central  City  layer  is  a  thick  succes- 
sion of  biotite  gneiss,  the  most  widespread 
unit  at  the  surface  in  the  area.  It  includes  a 
lenticular  layer  of  quartz  diorite  gneiss.  The 
uppermost  unit  in  the  region  is  a  thick  body 
of  microcline-plagioclase-biotite  gneiss  called 
the  Lawson  layer.  All  told,  about  13,500  feet  of 
metamorphic  strata  are  exposed  in  the  central 
Front  Range  area  (Moench  et  al.  1962). 


Structure 

The  Front  Range  is  a  complexly  faulted, 
anticlinal,  partly  fault-bounded  arch.  The  main 
body  of  the  Range  is  composed  of  Precambrian 
crystalline  rocks  consisting  of  highly  meta- 
morphosed metasedimentary  rocks  that  have 
been  intruded  by  granitic  masses  of  at  least 
three  generations.  This  Precambrian  belt  is  30 
to  40  miles  wide  throughout  the  length  of  the 
Range.  The  uplift  is  bounded  by  several  gently 
deformed  structural  basins  containing  sedimen- 
tary rocks  ranging  in  age  from  Cambrian  to 
Tertiary.  The  east  flank  is  clearly  marked  by 
the  Denver  Basin,  an  asymmetric  downwarp 
with  the  axis  close  to  the  Front  Range.  On  the 
!  south  the  Range  ends  at  the  Canon  City  embay- 
ment,  with  the  Wet  Mountains  considered  as 
a  separate  unit.  The  west  flank  is  less  clearly 
defined  by  two  elongated  basins.  South  Park 
and  North  Park,  and  by  a  more  complex  inter- 
mediate basin.  Middle  Park.  At  the  Wyoming 
border,  the  Front  Range  merges  into  the 
Laramie  and  Medicine  Bow  Ranges  (Harms 
1965). 

Elevations  of  the  Precambrian  surface  within 
[the  surrounding  basins  and  on  the  prominent 
ipeaks  of  the  Range  indicate  a  maximum  relief 
of  about  21,000  feet.  This  maximum  occurs  near 
Denver  where,  in  the  Denver  Basin,  the  crystal- 


line basement  lies  at  about  7,000  feet  below  sea 
level  in  contrast  to  the  14,260-foot  summit  of 
Mount  Evans.  Although  the  elevation  contrasts 
are  less  along  other  segments  of  the  margin, 
relief  on  the  Precambrian  surface  of  10,000  feet 
or  more  is  common  (Harms  1965). 

The  margins  of  the  Front  Range  are  typi- 
cally marked  by  major  faults  and/or  steep 
monoclines.  Most  of  these  faults  are  reverse  and 
dip  toward  the  center  of  the  Range.  In  areas 
where  no  major  faults  are  known,  monoclines 
with  dips  commonly  more  than  30°  form  the 
margin  of  the  Range.  Prominent  hogbacks  of 
resistant  Paleozoic  and  Mesozoic  strata  form  a 
narrow  foothills  belt  in  the  zone  of  steep  dips 
near  the  mountains,  but  dips  decrease  basin- 
ward  to  a  few  degrees  within  a  few  miles.  This 
means  that  a  large  part  of  the  structural  relief 
between  basins  and  peaks  is  concentrated  within 
narrow  belts  by  large  reverse  faults  and  steep 
monoclines  (Harms  1964). 


Geologic  History  and  Development 
of  the  Area 

Following  complex  deformation  and  intru- 
sion during  the  Precambrian,  erosion  reduced 
the  Front  Range  area  to  low  relief.  As  noted  by 
Crosby  (1895)  the  Precambrian  surface  is  very 
smooth. 

In  the  early  Paleozoic,  the  Front  Range 
area  was  stable.  EarUest  Paleozoic  deposition 
in  Colorado  was  in  Late  Cambrian  time  when 
the  Sawatch  sandstone  was  deposited.  Other 
marine  sandstones  and  carbonates  followed 
deposition  of  the  Sawatch.  They  extend  over 
broad  areas  and  represent  a  period  of  stability. 
No  lower  Paleozoic  sediments  are  present  in 
the  central  and  northern  Front  Range,  and 
Pennsylvanian  sediments  rest  directly  on  the 
Precambrian  basement  rocks.  The  southern 
Front  Range  area,  with  preserved  lower 
Paleozoic  sediments,  has  been  called  the  Colo- 
rado Sag.  It  behaved  differently  than  adjacent 
areas  which  ai-e  referred  to  as  the  Transconti- 
nental Arch.  Lower  Paleozoic  beds  are  exposed 
in  a  broken  linear  belt  extending  from  Parry 
Park  to  Canon  City,  with  a  second  belt 
extending  along  the  east  side  of  Manitou  Park. 
No  basins  of  deposition  developed  at  this  time, 
and  the  marine  carbonates  and  sandstone  show 
little  facies  change. 

In  Pennsylvanian  time  there  was  a  pro- 
nounced uplift  in  the  area  that  was  called  the 
Ancestral  Rockies.  This  exposed  the  Precam- 
brian core,  and  rapid  stream  erosion  and  sub- 
sequent deposition  produced  the  arkosic  and 
conglomeratic  Fountain  Formation.  Widespread 


overlap  unconformities  were  produced  along 
the  Front  Range  margins.  The  area  of  greatest 
uplift  was  slightly  more  northwest  trending 
than  the  present  Front  Range,  though  occupying 
much  the  same  position.  To  the  north  and 
south.  Fountain  sediments  rest  on  successively 
older  beds  until  the  Fountain  is  in  contact  with 
the  Precambrian  at  Parry  Park  and  south  of 
Canon  City. 

There  is  a  general  absence  of  major  deforma- 
tion in  areas  adjacent  to  the  uplift.  This 
indicates  positive  movements  without  broad 
lateral  belts  of  deformation.  In  this  respect,  the 
Pennsylvanian  uplift  resembles  the  Laramide 
uplift,  although  igneous  activity  is  absent.  The 
coarse  clastic  wedges  of  the  Pennsylvanian  and 
Lower  Permian  require  an  uplift  of  only  about 
2,000  to  3,000  feet,  and  based  upon  this,  the  late 
Paleozoic  uplift  can  be  considered  a  tectonically 
mild  feature  bordered  by  narrow  fault  zones  or 
monoclines.  Tectonic  stability  returned  to  the 
area  at  the  end  of  the  Paleozoic  when  burial  of 
the  uplift  began. 

A  mild  epeirogenic  uplift  occurred  in  Mid- 
Triassic  time,  indicated  by  the  truncation  of 
Lower  Triassic  and  Permian  beds.  Also,  Mid- 
and  Upper-Triassic  beds  are  absent  in  an  area 
centering  upon  the  Wet  Mountains.  During  the 
Late  Cretaceous,  this  area  became  part  of  a 
major  marine  basin  and  approximately  10,000 
feet  of  shale  and  siltstone,  with  some  sandstone 
and  limestone,  was  deposited.  Structurally,  the 
Front  Range  lost  its  identity  at  this  time,  and 
deposition  was  more  or  less  continuous.  The 
most  significant  orogenic  movement  in  the  post- 
Cambrian  history  of  the  Front  Range,  the 
Laramide  orogeny,  began  at  the  end  of  the 
Cretaceous.  Marine  inundation  ended  with  a 
regressive  sequence  of  sandstones  and  coals 
called  the  Laramie  Formation.  Structural  move- 
ment began  at  this  time,  and  arkosic  and 
tuffaceous  sands  and  conglomerates  flooded 
outward  from  the  Front  Range  into  the  Denver 
Basin  and  South  Park.  Angular  unconformities 
locally  record  the  severity  of  the  orogeny.  An 
example  of  this  severity  is  the  fact  that  the 
Upper  Cretaceous  Laramie  sandstone  is  overlain 
by  Upper  Cretaceous  and  Paleocene  Dawson 
arkose  with  an  angular  discordance  of  40°  a  few 
miles  north  of  Colorado  Springs.  The  nature  of 
the  Late  Cretaceous  and  Eocene  sediments  also 
attest  to  the  significance  of  the  Laramide 
orogeny.  These  sediments  are  coarse,  conglom- 
eratic, contain  volcanic  fragments  and  tuffs,  and 
are  coarsest  at  the  edges  of  the  Front  Range, 
becoming  finer  grained  farther  away.  Post- 
Miocene  deformation  appears  limited  to  regional 
warping,  so  it  is  apparent  that  major  orogenic 


movement  ended  in  Miocene  time.  The  present 
day  Front  Range  owes  its  height  to  orogenic 
uplift,  but  it  was  shaped  by  the  erosional 
agents  of  wind,  water,  and  ice. 

The  various  sedimentary  beds  in  the  foot- 
hills and  plains  are  not  described  here  since 
they   are   not  part  of  the  Front  Range  proper. 

The  tectonic  origin  of  the  Front  Range  and 
its  structural  implications  are  a  subject  of 
debate.  There  are  two  major  theories,  onebased 
on  lateral  compression,  the  other  on  vertical 
uplift.  Harms  (1964)  supports  the  vertical  uplift 
theory.  Some  reasons  he  gives  are  the  mild 
deformation  of  adjacent  basins,  the  fact  that 
uplift  is  concentrated  in  relatively  narrow  belts 
along  the  margins  of  the  Range,  the  high  relief 
between  mountains  and  basins  of  the  Precam- 
brian surface,  the  symmetry  of  the  Range,  and 
the  large  reverse  faults  and  narrow  monoclines 
along   its   margins.  J 

The  Laramide  and  late  Paleozoic  uplifts  are' 
of  similar  origin  though  not  corresponding  in 
outline.  The  zones  of  weakness  that  define 
Laramide  structure  rarely  occupy  positions  that 
mark  Paleozoic  or  Precambrian  deformation. 
There  is  little  evidence  that  early  structures 
controlled  later  movements. 

The  Cenozoic  geomorphic  history  of  the 
Front  Range,  from  Thornbury  (1965),  is  as 
follows: 

1.  Development  of  the  Front  Range  during 
the  Laramide  Revolution  began  with  the  forma- 
tion of  a  broad  anticlinal  arch  contemporan- 
eously with  the  downwarping  of  the  Denver 
Basin.  Dikes,  sills,  and  extrusive  sheets  are 
evidence  for  local  volcanic  activity  at  this  time. 

2.  Truncation  of  the  Front  Range  anticline 
during  Eocene,  Oligocene,  and  Miocene  lime 
during  a  period  of  intermittent  uplift  was  ac- 
companied by  deposition  in  the  Denver  Basin 
and  Great  Plains.  During  one  of  the  periods  of 
less  rapid  uplift,  the  Flattop  peneplain  was 
produced.  This  peneplain  is  represented  by 
ridges  extending  1,500  to  2,000  feet  above  the 
Rocky  Mountain  erosion  surface.  Rising  above 
the  Flattop  remnants  are  numerous  peaks  rising 
above  12,000  feet  and  forming  a  distinct  axis 
from  northern  Colorado  to  south  of  Denver. 

3.  During  a  period  of  relative  quiescence  in  | 
Pliocene  time,  the  widespread  Rocky  Mountain  j 
peneplain  formed.  This  peneplain  rises  gradually 
from  an  elevation  of  about  8,000  feet  at  the 
edge  of  the  Front  Range  to  around  10,000  feet 
at  the  crest  of  the  range.  The  sediments 
removed  from  the  mountains  to  produce  this 
erosion  surface  were  deposited  to  the  east  anc 


may  have  overlapped  onto  the  eastern  edge  of 
the  Precambrian  core. 

4.  Widespread  regional  uplift  initiated 
erosion  which  removed  most  of  the  Tertiary 
sediments  from  the  Colorado  Piedmont  area 
east  of  the  Front  Range  and  some  of  the  Meso- 
zoic  sediments.  This  uplift  also  caused  canyon 
cutting  in  the  crystalline  rock  belt. 

5.  Alternating  periods  of  valley  cutting  and 
pedimentation  in  the  foothills  during  Pleistocene 
time  formed  a  number  of  gravel-capped  pedi- 
ments and  terraces.  These  erosional  surfaces 
can  be  traced  a  short  distance  back  into 
the   mountains. 

6.  Periods  of  glaciation  occurred  in  the 
high  mountains,  modifying  valley  profiles  and 
producing  glacial  outwash  that  was  carried  down 
into  the  foothills  and  deposited  as  gravel  caps 
on  the  Pleistocene  terraces.  Alternation  of 
cutting  and  deposition  in  the  foothills  and  on 
the  plains  was  in  response  to  the  periods  of 
glaciation  in  the  mountains. 

7.  Recent  erosion  began  at  the  end  of  the 
Pleistocene. 


Physiography 

Eleven  different  erosion  cycles  have  been 
postulated  in  the  Cenozoic  development  of  the 
Front  Range  (Van  Tuyl  and  Lovering  1934). The 
early  cycles  were  terminated  mainly  by  orogenic 
uplift,  the  intermediate  cycles  by  combined 
local  and  regional  uplift,  and  the  later  cycles 
by  epeirogenic  uplift,  glacially  caused  climatic 
changes,  or  both.  Evidence  for  these  cycles 
includes  the  presence  of  benches  or  straths 
along  streams,  accordant  summits,  and  imper- 
fect peneplain  surfaces. 

In  the  eastern  portion  of  the  Range  many 
broad  "parks"  of  comparatively  gentle  relief, 
partly  or  entirely  surrounded  by  more  rugged 
areas,  occur  in  that  portion  of  the  mountains 
varying  in  elevation  from  about  6,500  to  10,000 
feet.  In  the  case  of  Manitou  Park,  the  less  re- 
sistant areas  represent  outliers  of  sedimentary 
rocks  which  were  either  folded  or  faulted  down 
'into  the  crystalline  rocks.  The  other  parks, 
however,  such  as  Estes  Park,  appear  to  have 
formed  upon  crystalline  rocks.  They  might  repre- 
isent  the  western  limits  of  broad  valleys  formed 
{during  earlier  erosion  cycles.  Modification  by 
rock  decay,  stream  erosion,  sheet  erosion,  and 
pedimentation  also  may  have  had  some  effect 
in  the  formation  of  these  parks.  There  seems  to 
be  little  relationship  between  the  character  of 
the  underlying  bedrock  and  the  development 
and  preservation  of  erosion  surfaces  in  the  area. 


Sangre  de  Cristo  Mountains 

The  Sangre  de  Cristo  Range  extends  from 
north-central  New  Mexico  to  south-central 
Colorado  as  a  long,  narrow,  rugged  range;  in 
Colorado  it  is  bounded  on  the  east  by 
the  Arkansas  River  Valley,  Wet  Mountain  Valley, 
and  Huerfano  Park,  while  on  the  west  it  is 
bounded  by  the  broad,  flat  San  Luis  Valley.  To 
the  north,  the  Range  terminates  at  the  Arkansas 
River  near  Salida. 

Although  the  Sangre  de  Cristo  Mountains 
are  the  frontal  range  at  the  southern  end  of  the 
Rocky  Mountains,  they  are  classified  with  the 
western  granite  belt  rather  than  the  Front 
Range. 

Geologically,  the  Sangre  de  Cristos  consist 
of  a  core  of  Precambrian  schists,  gneisses,  peg- 
matites, granites,  and  diorite,  along  with  what 
is  one  of  the  most  complexly  folded  belts  of 
sedimentary  rocks  in  the  southern  Rockies  on 
its  eastern  side.  The  sedimentary  rocks  range 
from  Ordovician  to  Cretaceous  (Thornbury 
1965).  The  belt  of  deformed  sediments  com- 
prises most  of  the  Range  in  the  north,  but  in 
the  south  the  sediments  are  confined  mainly  to 
the  foothills  belt.  The  Precambrian  rocks,  which 
make  up  the  western  part  of  the  Range  south 
of  Blanca  Peak,  are  partially  covered  with 
Tertiary   lavas. 

Structurally,  the  northern  Sangre  de  Cristo 
Range  is  a  fault  block  uplifted  along  a  con- 
cealed, high-angle  fault  that  separates  the  Range 
from  the  San  Luis  Valley  to  the  west.  The  sedi- 
mentary layers  strike  north-northwest,  nearly 
parallel  to  the  trend  of  the  Range,  and  dip  east 
30°  or  more,  forming  the  east  flank  of  the 
Laramide  Sawatch  arch.  Numerous  high-angle 
strike  faults  are  present.  Faulting  is  more  prom- 
inent than  folding.  Structures  other  than  Pre- 
cambrian are  Laramide  or  younger  in  age.  The 
west  slope  of  the  Range  is  much  steeper  than 
the  east  slope,  and  forms  a  linear  eroded  scarp 
throughout  its  length  bounding  the  San  Luis 
Valley. 

Butler  (1949)  says  that  sediments  in  the 
northern  Sangre  de  Cristos  range  from  Cambrian 
to  Permian  at  a  section  near  Bushnell  Ridge. 
In  this  area,  he  states  that  tightly  compressed 
folds  and  faults  characterize  the  highland 
structure,  with  Precambrian  metamorphics  and 
granites  being  exposed  at  the  crest  of  the 
Range. 

Litsey  (1958)  says  that  sediments  in  the 
northern  Sangre  de  Cristos  are  Ordovician 
through  Permian.  The  section  he  describes 
(fig.  2)  is  similar  to  that  of  Butler.  The  pre- 
Pennsylvanian  units  are  thin  and  consist  mainly 


DESCRIPTION 


Glociol    gfovel    and    olluvium 


Arkosic    conglomerate    interbedded   with    red 
micaceous    sandstone    and  thin    limestones. 


Drob    sondslones    ond   fine    conglomerates 
interbedded.    All    ore    massive       Thin 
limestone    ol    lop. 


Sandstone    and  cooly    shale. 


Limestone,  mossive,  medium  groy. 
Contoins  black    chert    nodules. 


Dolomite,   fine-grained,    almost     lithographic, 
weathers     grayish     yellow. 


Ouorlzite     and    sandy  shale. 


Dolomite,   thick-bedded   or  massive, 
medium   gray,  somewhat    f ossihferous 


Ouortzite,    thick-  to    thin- bedded,    soft 
sholy   2one    ol    base.    Fish    plates    ol    top. 


Dolomite,  crystalline,  weathers  medium 
light  gray  or  yellowish  gray  Loyers 
of   chert    common. 


Hornblende    gneiss    and   quartz    biotile    gneiss 
intruded    by    gronite 


Figure  2.  — Paleozoic  section  in  northern  Scngre  de  Cristo  Mountains   (after   Litsey    1958) 


of  limestone  and  dolomite  with  some  quartzite, 
sandstone,  and  shale.  The  lithology  indicates 
stable  shelf  deposition.  Pennsylvanian  and 
Permian  rocks  were  deposited  as  a  thick  series 
of  clastic  sediments  in  a  geosyncline.  The 
Ordovician  Manitou  Formation  is  found  here. 
It  is  the  only  formation  in  the  area  that  is 
distinctly  correlated  with  one  of  the  formations 
at  Manitou  Park.  Here  it  rests  on  crystalline 
Precambrian    rocks    consisting  of  hornblende 


gneiss  and  quartz  biotite  gneiss  intruded  by 
granite,  whereas  at  Manitou  Park  it  rests  on 
Sawatch  quartzite.  The  Manitou  Formation  here 
is  121  to  197  feet  thick,  and  consists  of  thin- 
bedded,  siliceous  dolomite.  In  some  places  the 
Formation  is  predominantly  limestone  or  dolo- 
mitic  limestone.  Locally,  there  are  sands  oi 
shales  at  the  base.  It  is  mostly  fine  to  medium 
grained  and  generally  medium  bedded  (2  inches 
to  2   feet).   Fresh   surfaces   are   medium   gray 


weathered  surfaces  light  to  yellowish  gray.  The 
Pennsylvanian-Permian  Sangre  de  Cristo  Forma- 
tion is  basically  an  arkosic  conglomerate  and 
might  be  partially  equivalent  to  the  Fountain 
Formation. 

The  Precambrian  crystalline  rocks  of  the 
region  represent  an  ancient  complex  of  gneissic 
metasediments  invaded  by  granite  of  at  least 
two  types  and  ages.  West  of  the  Pleasant  Valley 
Fault  the  Precambrian  rocks  are  metasedimen- 
tary,  ranging  from  basic  hornblende  gneisses 
to  acidic  schists  and  quartzites.  East  of  the 
Pleasant  Valley  Fault  the  Precambrian  is  com- 
posed almost  entirely  of  Pikes  Peak  Granite  with 
small  inclusions  of  metasediments  and  Silver 
Plume   Granite. 

The  Tertiary  tectonic  history  of  the  northern 
Sangre  de  Cristo  Range  inclvides  at  least  three 
distinct  phases  of  deformation.  The  present 
range  is  the  eastern  flank  of  two  earlier,  larger 
uplifts. 

The  first  phase  of  deformation  began  in  Late 
Cretaceous  as  a  broad  domal  uplift,  which 
became  elevated  enough  by  Paleocene  time  to 
cause  gravity  sliding  of  Permian  and  Pennsyl- 
vanian  sediments  along  bedding  plant  thrusts. 
Displacement  is  10  to  15  miles  on  the  north- 
eastern and  eastern  flanks  of  the  uplift.  Block 
uplift  of  the  San  Luis  Valley  area  caused  a 
second  stage  of  thrusting  along  boundary  faults 
which  extended  eastward  into  the  site  of  the 
present  Range.  This  stage  of  thrusting  folded 
the  earlier  thrusts  and  caused  some  deformation 
in  the  eastern  foothills.  A  block  which  rose  in 
the  northeast  interfered  with  thrusting  and 
probably  caused  the  high-angle  faults  found  in 
the  northern  end  of  the  Range.  Collapse  of  the 
San  Luis  Valley  uplift  along  steep  portions  of 
the  second-stage  thrusts  began  in  Miocene  and 
continues  at  present,  as  shown  by  Recent  fault 
scarps  in  alluvium,  along  the  western  margin 
of  the  Range. 

Spanish  Peaks 

The  Spanish  Peaks,  located  just  east  of  the 
Sangre  de  Cristo  Range,  are  famous  for  their 
unusual  system  of  radial  dikes.  These  dikes 
extend  out  from  the  peaks  a  distance  of  25 
miles  or  more  (fig.  3).  The  peaks  are  bordered 
on  the  east  by  a  sloping  platform  that  extends 
up  to  an  altitude  of  nearly  10,000  feet.  Towering 
above  this  platform  is  the  main  bulk  of  the 
mountain.  On  the  platform  is  a  coarse,  bouldery 
fanglomerate,  consisting  mainly  of  white 
porphyry.  This  platform  has  been  dissected  to 
a  depth  of  500  feet  by  valleys  which  extend  to 
the  foot  of  the  mountain,  but  a  short  distance 
from  the  mountain  they  open  out  into  broad. 


shallow,  parklike  valleys.  Conclusive  evidence 
of  glaciation  was  found  at  only  one  locality  on 
the  Spanish  Peaks,  the  north  flank  of  West 
Peak.  Sediments  in  the  area  range  from  Upper 
Cretaceous  to  Eocene. 

The  igneous  geology  of  the  Spanish  Peaks 
consists  of  two  stocks  that  cut  through  the  Late 
Cretaceous  and  early  Eocene  strata,  surrounded 
by  an  immense  number  of  dikes  and  sills.  The 
stocks  have  broken  through  an  asymmetric 
syncline  whose  east  limb  is  nearly  horizontal 
and  whose  west  limb  is  vertical  or  even  has 
been  overturned  to  the  east  so  that  locally  it 
dips  westward.  Each  stock  is  surrounded  by  a 
system  of  radial  dikes. 

The  East  Peak  stock  consists  of:  (1)  white 
granite  porphyry  containing  phenocrysts  of 
quartz  and  feldspar,  together  with  a  little  horn- 
blende and  biotite,  in  a  phaneritic  groundmass, 
and  (2)  granodiorite  porphyry,  containing  acces- 
sory augite  and  biotite,  which  is  intrusive  into 
the  granite  porphyry  and,  therefore,  younger. 
At  the  summit,  the  granodiorite  is  plutonic. 
Oligoclase  is  abundant,  with  lesser  amounts  of 
anorthoclase,  augite,  and  biotite. 

The  West  Peak  stock,  although  much  smaller 
than  that  of  East  Peak,  consists  of  plutonic 
rock  of  several  facies  of  syenodiorite.  The 
summit  is  a  pyroxene  syenodiorite.  The  rock, 
comprising  the  bulk  of  the  West  Peak  stock, 
contains  oligoclase,  augite,  hypersthene,  red 
biotite,  anorthoclase,  and  minor  amounts  of 
interstitial  quartz. 

Between  the  two  peaks  is  a  blackish 
cordieritic  hornfels,  formed  by  the  meta- 
morphism  of  an  arenaceous  shale.  The  igneous 
intrusions  occurred  during  one  of  the  later 
phases  of  the  Laramide  Revolution  (early 
Tertiary). 

The  area  is  heavily  timbered,  mostly  second 
growth.  The  lower  slopes  support  a  dense 
growth  of  pinyon  and  juniper,  while  the  higher 
slopes  support  pine  forests  with  spruce,  fir,  or 
aspen  as  the  elevation  rises. 

Wet  Mountains 

The  Wet  Mountains,  located  just  south  of 
the  Front  Range  and  the  Canon  City  embay- 
ment,  extend  northwest-southeast  about  50 
miles  and  are  about  20  miles  in  width.  They 
form  the  central  unit  of  an  en  echelon  pattern 
with  the  Sangre  de  Cristo  Range  to  the  west 
and  the  Front  Range  to  the  north.  There  is  a 
close  genetic  relationship  with  the  Front  Range. 

The  core  of  the  southern  Wet  Mountains 
consists  partially  of  Precambrian  metasedimen- 
tary  gneiss  and  schist  concordantly  foliated  with 
granite  gneiss.  These  rocks  developed  by  meta- 


Figure  3.— Structural  map  of  the  Spanish  Peaks  area  (after  Knopf   1936). 


morphic  alternation  during  intrusion  of  the 
granitic  San  Isabel  batholith  and  accessory 
smaller  plutons.  These  plutons  are  probably 
offshoots  of  the  San  Isabel  batholith,  which  is 
dated  at  about  1.5  billion  years. 

Structurally,  the  southern  Wet  Mountains 
form  a  southeast-plunging  anticline.  They  were 


uplifted  to  their  present  elevation  from  middl  J 
Tertiary  through  Pleistocene.  Uplift  occurre  I 
in  stages  along  major  high-angle  boundary 
faults  and  by  slight  displacement  along  th : 
many  joints  in  the  area.  The  age  of  the  sed 
ments  ranges  from  Permo-Pennsylvanian  t 
Recent  (fig.  4). 
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Figure  4.— Section  of  the  Wet  Mountains  area  (after  Boyer   1962) 


The   metamorphosed    sediments  represent 
a  sedimentary  sequence  which  is  probably  inter- 
layered  with  volcanic  rocks.  They  have  under- 
*  gone     moderate     to     high-grade    regional 
'  metamorphism     that    produced    amphibolite, 
f  hornblende,  biotite  gneiss,  schist,  and  granite 
gneiss.  The  gneisses  and  schists  are  the  oldest 


and  are  possibly  related  to  the  Idaho  Springs 
Formation. 

Another  major  part  of  the  Precambrian  area 
consists  of  band,  stringers,  and  lenses  of  meta- 
morphic  rocks  which  are  closely  layered  with 
granitic   material. 


The  youngest  Precambrian  rocks  are  igneous 
bodies,  mostly  granitic,  which  cover  half  of  the 
area.  The  most  extensive  igneous  outcrop  is 
the  San  Isabel  batholith. 

The  gneissic  granite  is  medium  grained  with 
abundant  quartz  and  microcline,  each  of  these 
minerals  accounting  for  more  than  30  percent 
of  the  rock.  Sodium-rich  oligoclase  constitutes 
10  to  15  percent  of  the  rock.  Mafics  contribute 
a  low  percentage.  The  rock  weathers  into  sharp, 
angular-jointed  blocks,  rather  than  into  rounded 
or  smooth-faced  boulders  as  do  the  other 
granites  found  in  the  area.  The  gneissic  granite 
is  found  in  the  southern  end  of  the  Range. 

The  San  Isabel  Granite,  covering  20  percent 
of  the  southern  Wet  Mountains,  consists  of  two 
distinct  facies.  The  more  common  type  is  coarse 
porphyrytic  granite  cropping  out  in  large  bluffs 
and  ridges;  less  common  is  a  uniformly  medium- 
gi-ained  phase.  The  composition  of  both  types 
is  similar,  with  quartz  accounting  for  25  percent 
of  the  rock,  microcline  about  25  to  30  percent, 
oligiclase  20  percent,  and  biotite  15  percent. 
Pi'ominent  accessory  minerals  are  apatite  and 
sphene.  The  San  Isabel  Granite  extends  through- 
out most  of  the  length  of  the  Wet  Mountains. 


Manitou  Park 


Setting 


The  Manitou  Park  Basin  is  a  fault  outlier 
about  30  miles  long  and  4  miles  wide,  bordered 
on  the  west  by  the  Ute  Pass  Fault  and  on  the 
east  by  the  Devils  Head  Fault  and  Rampart 
Range  (Boos  and  Boos  1957).  Fowler  (1952) 
called  this  eastern  fault  the  Mt.  Deception  Fault. 
The  southern  part  of  the  Manitou  Park  Basin 
contains  an  area  of  relatively  soft  sediments 
faulted  down  below  the  general  summit  level. 
The  sedimentary  structure  is  basically  a  west- 
ward dipping  homocline  or  monocline.  Relief 
in  the  area  is  approximately  1,600  feet,  ranging 
from  9,200  feet  in  the  Rampart  Range  to  the 
east  to  about  7,600  feet  in  the  Trout  Creek 
Valley  (Sweet  1952).  Trout  Creek  is  the  only 
permanent  stream  in  the  area,  though  intermit- 
tent streams  flow  in  most  of  the  larger  gulches. 
Drainage  in  the  area  is  north-northwest  toward 
the  South  Platte  River  which  eventually  empties 
into  the  Missouri  River.  In  the  southern  part 
of  the  Basin,  the  Pikes  Peak  Granite  is  covered 
with  Paleozoic  sediments  dipping  west.  Above 
these  sediments  is  a  gravelly  soil  derived  mostly 
from  granite.  In  the  northern  half  of  the  Basin, 
Pikes  Peak  Granite  is  not  covered  by  any 
Paleozoic  sediments,  though  it  is  covered  by  a 
deep  layer  of  Quaternary  alluvium. 


Stratigraphy 

Sediments  in  the  Manitou  Park  graben  range 
from  Upper  Cambrian  through  Pennsylvanian 
(figs.  5,  6).  The  Sawatch  sandstone  of  Upper 
Cambrian  age  rests  unconformably  on  Precam- 
bi'ian  Pikes  Peak  Granite.  It  forms  east-facing 
cuestas  throughout  most  of  the  mapped  area. 

In  the  Front  Range  the  Sawatch  sandstone 
is  found  only  in  Manitou  Park,  Parry  Park, 
Manitou  Springs,  and  in  a  limestone  quarry  west 
of  Colorado  Springs.  The  Ute  Pass  Fault  marks 
its  southern  limit.  It  averages  68.4  feet  thick  in 
Manitou  Park.  The  age  of  the  Sawatch  is  indi- 
cated by  the  presence  of  two  brachiopods, 
Lingulepis  and  Obolella.  Addy  (1949)  recognized 
three  different  members  in  the  Sawatch  sand- 
stone: lower  sandstone,  middle  sandstone,  and 
Peerless  shale.  The  Sawatch  is  highly  fractured, 
and  slickensides  are  found  on  some  surfaces. 
The  sandstone  surface  is  grooved  and  pitted, 
and  weathers  to  a  grayish  color.  The  sandstone 
of  the  Sawatch  is  composed  primarily  of  red, 
pink,  brown,  yellow,  and  white  subrounded  to 
quartz  grains  ranging  from  fine  grained  in  the 
upper  part  to  coarse  grained  in  the  lower  part. 
The  basal  sandstone  is  pebbly  or  conglomeratic. 
The  lower  25  feet  is  ferruginous  and  arkosic, 
and  glauconite  is  common  in  the  upper  beds. 

Maher  (1950)  referred  to  the  calcareous  and 
dolomitic  upper  16  to  20  feet  of  the  Sawatch 
sandstone  as  the  Ute  Pass  Dolomite.  He 
described  it  as  a  red,  glauconitic,  partly  sandy, 
unfossiliferous,    coarsely  crystalline   dolomite. 

Berg  and   Ross    (1959^  referred  to  the  Ute 
Pass  Dolomite  as  the  Pecilv.ss  Formation.  They 
described   it    as    a  unit   of  sandy,   glauconitic 
dolomite.  At  Missouri  and  Illinois  Gulches  the 
Peerless  Formation  is  represented  by  dark  red, 
finely  to  coarsely  granular,  rhombic,  sandy,  and 
glauconitic  dolomite   about   16   feet  thick.  The 
upper  few  feet  are  conglomeratic  with  small; 
discoid  pebbles   of  siltstone.   The  rest  of  the 
formation  consists  of  a  few  thin  beds  of  verj 
fine-grained   sandstone,     siltstone,    and    gray 
green  shale.  Beig  and  Ross  state  that,  on  th( 
basis  of  lithology  and  stratigraphic  position,  th( 
Ute  Pass   Dolomite  described  by  Maher  (1950; 
is  the  same  as  the  Peerless  Formation.  In  anji; 
case,  the  Peerless   or  Ute  Pass   Formation  ii' 
gradational  between  the  Sawatch  sandstone  and' 
the  overlying  Manitou  Limestone. 

The    Manitou     Limestone    is    the     only 
Ordovician  deposit  in  Manitou  Park.  It  is  abou  | 
80  to  90  feet  thick  in  Manitou  Park,  less  thai  I 
half  its   thickness   near  Colorado  Springs,  an( 
is  a  fossiliferous,  well-bedded,  pink  to  pale  red 
limestone   and   dolomite.  It  is  microcrystallin 
and    weathers   to   an  orange-red    color.  Som : 
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fossils  described  by  Fowler  (1952)  at  the  fish 
hatchery  exposure  are  Apheorthis,  Nanorthis, 
Sinuites,  a  cystoid  plate,  Hystricurus,  Finkeln- 
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Figure  3.— Stratigraphic  section  of  Manitou  Park  area. 


burgia,  a  prorocycloceras  cephalopod,  Kainella, 
and  Leiestegium  manitouensis.  This  suite  indi- 
cates a  Lower  Ordovician  age. 

Petrographic  evidence  indicates  that  the 
Manitou  Formation  originated  in  an  environ- 
ment of  low  to  moderate  energy.  The  particles 
show  evidence  of  rounding  and  abrasion,  but 
the  energy  level  of  the  depositional  environment 
was  not  sufficient  to  remove  much  of  the 
microcrystalline  material  except  during  brief 
periods  of  high  energy.  Some  of  the  minerals 
formed  in  place  include  dolomite,  calcite,  chert, 
limonite,  hematite,  and  glauconite.  The  dolomite 
percentage  in  the  samples  studied  by  Swett 
(1964)  ranged  from  45  to  95.  The  dolomite  can 
be  recognized  by  its  buff  color  in  contrast  to 
the  grayish  color  of  limestone.  Chert  is  also 
present.  Thin-section  studies  show  evidence  of 
five  post-depositional  alterations  of  the  original 
limestone:  (1)  Grain  growth  caused  by  recry- 
stallization  of  microcrystalline  calcite  to  sparry 
calcite,  (2)  dolomitization,  (3)  silicification rang- 
ing from  partial  void  filling  to  formation  of 
chert  layers,  (4)  the  addition  of  calcite  to  the 
chert  and  dolomite  layers,  and  (5)  oxidation  of 
iron-bearing  minerals  to  limonite  and  hermatite. 

The  Devonian-Mississippian  Williams  Can- 
yon Limestone  is  of  uncertain  thickness  and 
separated  by  nonconformities  from  the  Missis- 
sippian Madison  Limestone  above  and  the 
Ordovician  Manitou  Limestone  below.  The 
Williams  Canyon,  named  for  its  type  section 
exposed  near  the  Cave  of  the  Winds  in  Williams 
Canyon,  consists  of  thin,  pale,  reddish  purple 
to  gray  mottled  limestone  and  dolomite,  con- 
taining partings  of  gray  calcareous  shale.  The 
upper  2  to  4  feet  is  a  medium-grained  sand- 
stone (Maher  1950).  Maher  dates  the  Williams 
Canyon  as  Mississippian  by  lithologic  correla- 
tion with  subsurface  units  of  eastern  Colorado. 
Brainerd  et  al.  (1933)  considered  it  Devonian, 
and  correlated  it  with  the  Chaffee  Formation  of 
central  Colorado. 

Blocks  of  the  Williams  Canyon  Limestone 
are  intermingled  with  the  Madison  Limestone 
due  to  folding  and  faulting.  The  Williams 
Canyon  is  more  dolomitic  than  the  Madison  and 
also  softer.  Soils  developed  from  the  Williams 
Canyon  are  dark  gray  to  nearly  black.  They  are 
relatively  high  in  clay  and  have  a  good  abiUty 
to  hold  water.  Nitrogen  and  potassium  levels  are 
adequate  for  growing  most  plants,  but  phos- 
phorus is  deficient.  Lime  content  is  high,  and 
the  pH  is  about  8.0,  similar  to  that  of  Madison- 
derived  soils. 

The  Mississippian-Madison  Formation  over- 
hes  the  Williams  Canyon  Limestone  unconform- 
ably.  The  upper  surface  of  the  Madison  is 
irregular  with  a  well-developed  buried  karst 
topography  due  to  post-Madison  and  pre-Foun- 
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tain  weathering.  Thickness  varies  from  0  to  200 
feet  (Brainerd  et  al.  1933).  The  Formation  con- 
sists of  massive,  brown  to  gray,  finely  crystalline 
limestone,  with  occasional  chert  stringers  and 
a  brecciated  zone  near  the  base.  Red  stains  are 
found  locally  in  the  upper  part  of  the  Forma- 
tion due  to  the  overlying  Fountain  beds. 
Solution  cavities  and  sinkholes  are  filled  with 
Fountain  shales  and  sandstones.  Because  few, 
if  any,  fossils  are  found  in  the  Madison,  age 
cannot  be  determined  more  precisely  than 
Mississippian.  Maher  (1950)  considers  the 
Madison  to  be  Middle-Mississippian,  and  calls 
the  upper  part  the  Beulah  Limestone  and  the 
lower  part  the  Hardscrabble  Limestone.  The 
Beulah  beds  are  not  present  in  Manitou  Park, 
and  the  Hardscrabble  is  correlated  on  the  basis 
of  lithologic  similarity  and  stratigraphic  position 
with  the  St.  Louis  Limestone  of  eastern  Colorado 
and  western  Kansas.  Bedding  is  practically  non- 


existent in  the  Madison,  and  it  forms  steep 
escarpments.  Brainerd  et  al.  (1933)  found  an 
upper  brecciated  zone,  and  attributed  it  to  pre- 
Pennsylvanian  weathering.  They  also  believe 
that  the  Madison  was  originally  deposited  over 
the  whole  Front  Range,  but  was  removed  by 
pre-Pennsylvanian  erosion.  Brainerd  etal.  (1933) 
were  the  first  to  designate  the  Williams  Canyon 
and  Madison  Formations  as  distinct  entities. 
They  had  previously  been  included  with  the 
Ordovician  Manitou  Limestone. 

Soils  in  limestone  formations  generally 
reflect  the  color  of  the  parent  rock,  and  in  the 
Madison  Limestone  they  are  usually  a  rich 
brown.  Scattered  over  the  surface  of  Madison- 
derived  soils  are  rounded  flint  or  cherty  boulders 
greater  than  1  inch  in  diameter.  This  soil  is 
high  in  clay  and  moisture-holding  capacity,  and 
also  in  nitrogen,  potassium,  phosphorus,  and 
organic  matter;  the  pH  is  8.0  (tables  2,  3). 


Table  2. --Physical  characteristics  of  the  top  6  inches  of  Manitou  Park  soils  (Smith  1971) 
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The  Pennsylvanian  Fountain  Formation  lies 
unconformably  on  older  formations  except  for 
the  Precambrian,  with  which  it  is  in  fault  con- 
tact. It  consists  of  a  thick  series  of  red,  cross- 
bedded,  coarse-grained,  arkosic  sandstones  and 
conglomerates  sparsely  interbedded  with  thin 
shales.  The  grains  show  little  abrasion. 
Maximum  thickness  of  the  Fountain  is  4,500  feet 
in  the  Manitou  embayment  west  of  Colorado 
Springs.  In  Manitou  Park,  thickness  ranges 
from  a  few  feet  at  the  northern  end  to  about 
1,000  feet  at  the  southern  end.  Geographically, 
it  extends  from  Iron  Mountain,  Wyoming,  to 
Canon  City,  Colorado,  about  215  miles.  Geomet- 
rically, the  Fountain  is  a  north-south  trending 
prism  that  wedges  out  into  the  Denver  Basin 
40  miles  east  of  the  Front  Range. 

Pettijohn  (1957)  gives  a  good  description  of 
arkosic  rocks.  He  defines  an  arkose  as  being  a 
sandstone,  generally  coarse  and  angular, 
moderatly  well  sorted,  composed  principally  of 
quartz  and  feldspar,  and  derived  from  a  rock 
of  granitic  composition.  Quartz  is  the  dominant 
mineral,  although  in  some  arkoses  feldspar 
exceeds  quartz.  Color  is  generally  pink  or  red 
though  some  are  pale  gray.  Porosity  may  be 
high  due  to  its  degree  of  sorting  and  incom- 
plete cementation.  It  occurs  either  as  a  thick 
blanketlike  residuum  at  the  base  of  a  sedimen- 
tary section  that  overlies  a  granite  area,  or  as  a 
very  thick  wedge-shaped  deposit  interbedded 
with  much  conglomerate. 

The  ortho-quartzites,  black  shales,  thin  coals, 
deltaic  arkoses,  and  minor  marine  limestones 
of  the  Glen  Eyrie  beds,  which  are  the  basal 
Fountain  deposits  and  not  found  in  Manitou 
Park,  were  deposited  in  the  Early  Pennsylvanian. 
Later  in  the  Pennsylvanian,  the  uplift  of  the 
ancestral  Front  Range  accentuated  the  relief  so 
that  streams  flowed  eastward,  eroding  fresh 
arkosic  detritus  and  transporting  it  to  the 
mountain  front.  These  streams  formed  coa- 
lescing alluvial  fans  on  a  piedmont  plain 
extending  eastward  from  the  ancestral  Front 
Range  during  periods  of  near  aridity.  The  ances- 
tral Front  Range  underwent  continuous  but 
decUning  uplift  during  Fountain  and  post- 
Fountain  time.  During  the  time  of  Fountain 
deposition,  the  eastern  margin  of  the  ancestral 
Front  Range  was  not  far  west  of  the  present 
foothills  belt.  The  bottom  one-fifth  of  the  Foun- 
tain contains  coarser  gravels  than  the  rest  of 
the  Formation,  and  grain  size  decreases  upwards. 
The  ratio  of  channel  arkose  deposits:  floodplain 
micaceous  arkose:  deltaic-lacustrine  quartzose 
arkose  in  the  Fountain  varies  from  71:29:0  in 
the  lower  beds  to  85:7:8  in  the  upper  beds. 

In  the  area  between  Eldorado  Springs  and 
Colorado  Springs,  the  Fountain,   exclusive  of 


the  Glen  Eyrie,  averages  about  80  percent  stream 
channel  conglomerates  and  sandstones,  17  per- 
cent floodplain  clayey  siltstones  and  shales,  and 
3  percent  deltaic-lacustrine  clayey  sandstones 
and  siltstones  (Hubert  1960).  The  ratio  of 
siliceous  particles:  feldspathic  fragments:  mica- 
ceous fragments  in  the  channel  arkoses  is 
44:53:3,  in  the  floodplain  arkoses  41:43:16,  and 
in  the  deltaic-lacustrine  arkoses  72:24:4.  The 
channel  arkoses  are  the  coarsest  of  the  three 
groups. 

There  is  no  sharp  distinction  between  many 
of  the  sandstones  and  conglomerates  of  the 
Fountain;  coarse-grained  arkosic  sandstones 
grade  laterally  into  conglomeratic  sandstones 
and  conglomerates.  A  similar  gradation  occurs 
vertically.  Well-bedded  sandstones  are  found  in 
the  lower  part  of  the  Formation.  Above  these 
beds  are  found  discontinuous  channel  fillings 
and  irregularly  cross-bedded  zones.  Fountain 
sandstones  are  red,  arkosic,  medium  to  coarse 
grained,  and  poorly  sorted.  A  hand-lens  study 
of  Fountain  sandstone  showed  that  90  percent 
of  the  rock  was  composed  of  poorly  sorted  sub- 
rounded  to  angular  fragments  of  pink  feldspar 
and  quartz  less  than  2  mm  in  diameter.  The 
rock  is  well  indurated  (McLaughlin  1947),  and 
weathers  to  a  buff  color. 

A  thin-section  study  of  a  typical  Fountain 
layer  by  McLaughlin  (1947)  showed  that  angular 
fragments  of  microcline  perthite  constitutes 
about  35  percent  of  the  rock.  Plagioclase  feldspar 
is  rare.  Subrounded  to  angular  quartz  makes 
up  most  of  the  remainder  of  the  specimen. 
There  are  also  small,  scattered  fragments  of 
partially  altered  biotite.  The  study  revealed  a 
low  porosity  as  a  result  of  the  compaction  of 
the  poorly  sorted,  irregularly  shaped  fragments 
and  the  interstitial  fillings  of  silty  and  clayey 
material  and  iron  oxide. 

Although  the  name  Fountain  is  restricted 
to  arkoses  along  the  east  flank  of  the  Front 
Range,  similar  coarse  red  arkoses,  such  as  the 
Maroon,  Hermosa-Culter,  and  Sangre  de  Cristo 
Formations,  were  deposited  in  other  areas 
adjacent  to  the  ancestral  Rocky  Mountain  high- 
lands. The  Maroon  ranges  up  to  7,000  feet  in 
thickness  in  central  Colorado,  and  the  Sangre 
de  Cristo  ranges  up  to  13,000  feet  in  southern 
Colorado  and  northern  New  Mexico,  as  compared 
to  the  4,500-foot  maximum  thickness  of  the 
Fountain.  These  different  arkose  deposits  ex- 
hibit extreme  facies  changes  over  very  short 
distances,  probably  caused  by  torrential  deposi- 
tion at  the  margins  of  rapidly  rising  lands. 

Mallory  (1958)  attributes  the  red  color  of 
these  beds  to  two  factors:  (1)  An  abundance  of 
orthoclase  (primarily),  and  (2)  a  coating  of 
ferric  oxide  on  clastic  particles  making  up  the 
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rock.  McLaughlin  (1947)  attributes  the  red  color 
to  the  presence  of  iron  oxides,  which  may  be 
only  a  stain  on  the  grain  surfaces  or  may  occur 
as  interstitial  cementing  material. 

Soils  developed  from  the  Fountain  are 
similar  to  those  developed  from  the  Pikes  Peak 
Granite,  from  which  it  was  largely  derived.  Both 
are  infertile  (table  3).  The  pedestals  found  in 
the  area  do  not  appear  to  have  been  important 
in  the  development  of  the  soil. 

Soils  on  northerly  and  easterly  exposures 
have  more  pronounced  zones  than  those  on 
southerly  and  westerly  exposures.  Southerly 
exposures  also  generally  have  a  ponderosa  pine 
cover,  while  northern  slopes  contain  mostly 
Douglas-fir,  a  few  ponderosa  pines,  and  an 
occasional  aspen.^ 

In  general,  soil  erosion  in  the  Rocky  Moun- 
tains is  severe  only  where  remnants  of  the  pre- 
Wisconsin  soils  are  extensive.  The  difference 
between  the  soils  of  pre-Wisconsin,  Wisconsin, 
and  Recent  age  in  the  Rockies  are  best  shown 
by  the  difference  in  weathering  of  the  moraines 
and  other  deposits  of  those  ages.  In  Recent 
deposits,  pebbles  are  fresh;  in  Wisconsin 
deposits  they  may  have  a  weathered  rind;  and 
in  pre-Wisconsin  deposits  they  may  be  altered 
to  clay  (Hunt  1967). 

Overlying  the  Fountain  Formation  and 
covering  the  major  portion  of  the  Manitou  Park 
Basin  is  an  accumulation  of  coarse,  angular 
material  which  has  either  been  washed  down- 
slope  from  the  granitic  and  Paleozoic  outcrops, 
or  deposited  by  intermittent  streams  during 
heavy  rains  and  spring  runoff.  These  deposits 
are  approximately  10  to  25  feet  thick.  In  the 
Manitou  Experimental  Forest,  these  deposits 
form  a  large  alluvial  fan  with  an  apex  in  the 
Paleozoic  hogbacks  of  sec.  25,  T.  11  S.,  R.  69  W. 
(Sweet  1952),  just  southeast  of  the  Forest.  On 
the  west  side  of  the  Basin  the  gravels  are  com- 
posed of  granitic  detritus  with  fragments  of  ault 
breccia  intermixed,  while  on  the  east  side  there 
is  an  admixture  of  lower  Paleozoic  material  with 
the  granitic  debris.  The  deposits  are  Quaternary 
in  age  and  cover  the  Ute  Pass  Fault  line 
through  most  of  its  extent.  The  lateral  movement 
of  the  fault  activity  must  antedate  the  alluvial 
deposits. 


^  Fox,  C.  J.,  J.  Y.  Nishimura,  R.  F.  Bauer,  C.  R. 
Armstrong,  and  R.  F.  Willmot.  1962.  Soil  survey  report 
of  wildlife  habitat  study  area,  Manitou  Experimental 
Forest,  Colorado.  26  p.  (Unpublished  report  on  file  at 
Region  2  office,  USDA  For.  Serv.,  Denver,  Colo.) 


Igneous  Petrology 

Pikes  Peak  Granite  is  the  only  Precambrian 
rock  in  the  area.  In  Manitou  Park  it  is  part  of 
a  large  batholith  of  coarse,  even-grained  to 
porphyri tic  pink  rock  consisting  mostly  of  micro- 
cline  and  quartz. 

Biotite  occurs   in  clusters  and  large  flakes 
and  is  the  most  important  accessory  mineral. 
Other  accessory  minerals  are  oligoclase,  feldspar, 
zircon,  apatite,  allanite,  magnetite,  fluorite,  and 
rutile.  The  red-pinkish  color  of  the  rock  is  due 
to  a  pigment  of  hydrous  iron  oxide  which 
colors   the  feldspars.  The  feldspar  and  quartz 
grains    are  relatively  large,  and    conspicuous ^ 
feldspar  phenocrysts  are  common,  often  attain- 
ing a  diameter  of  several  inches.  Some  areas  of 
Pikes  Peak  Granite,  however,  contain  feldspar 
grains  little  more  than  0.25  inch  long.  Percentage 
of  constituents,  according  to  Mathews  (1900),  i5< 
quartz   33.4    percent,    microcline    feldspar  53.3J' 
percent,  biotite  10.7  percent,  and  oligoclase  feld 
spar  2.6  percent. 

Fine-grained  granite  dikes  cut  the  Pikes  Pe 
Granite  in  places.  They  are  red  to  pink  in  col 
and  very  poor  in  mica.  Feldspars  dominate  i; 
these  dikes  (Peterson  1964). 

Also  cutting  the  Pikes  Peak  Granite  are  { 
number  of  pegmatite  dikes.  The  pegmatite; 
contain  microcline,  orthoclase,  albite,  oligoclase 
quartz,  biotite,  muscovite,  and  accessory  min 
erals  in  very  large  individual  grains,  oftei 
segregated  in  different  parts  of  the  dikes.  The; 
are  most  abundant  near  the  Platte  River. 

Age  determinations  based  on  Pb-U  ratio 
give  an  age  of  about  1  billion  years  for  th( 
Pikes  Peak  Granite  (Fowler  1952).  This  compare 
to  Hutchinson's  (1964)  finding  of  995  millior 
years  for  the  porphyritic  aplitic  facies  of  th 
Pikes  Peak  batholith. 

Pikes  Peak  Granite  has  basically  the  sam  ■■ 
composition  and  grain  size  as  the  other  majo" 
granites  of  the  Front  Range.  However,  Pike; 
Peak  Granite  is  distinctively  more  susceptibl ; 
to  weathering  and  erosion  than  the  Bouldc 
Creek  or  Silver  Plume  Granites.  It  weathen 
typically  into  rounded  masses,  with  greet 
curving  plates  breaking  away  from  the  dom(  - 
like  outcrops  in  the  process  of  exfoliatioi . 
Weathering  by  disintegration  forms  an  anguh  i 
gravel  that  is  widely  distributed  as  a  mantle  o  i 
long,  low  divides.  Weathering  of  the  granite  •! 
so  general  that  only  about  10  percent  of  Hi 
area  in  Manitou  Park  underlain  by  granite  coi 
tains   outcrops. 

Biotite  is  the  most  easily  decomposed  oftl:; 
constituent  minerals  of  the  granite.  As  I 
weathers,  iron  is  set  free,  staining  the  othn 
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minerals.  The  weathered  rock  shows  every 
gradation  from  green  through  pink  to  deep  red, 
the  red  being  caused  by  iron  oxide  staining. 
The  depth  of  the  weathered  layer  averages  25 
feet,  due  both  to  ease  of  weathering  and  the 
fact  that  some  of  the  surfaces  were  subject  to 
erosion  during  Cambrian  times. 

The  terraces  in  Manitou  Park  are  covered 
with  gravels  derived  mostly  from  Pikes  Peak 
Granite,  though  the  bases  of  the  terraces  have 
some  reworked  Fountain  material  mixed  in, 
since  they  are  underlain  by  Fountain  beds.  The 
terrace  deposits  also  weather  very  easily. 

Soils  developed  from  Pikes  Peak  Granite 
are  pinkish  or  reddish  in  the  lower  parts  of 
their  profiles  as  an  inheritance  from  the  parent 
materials.  The  percentage  of  particles  greater 
than  2  mm  in  size  is  greater  than  for  any  of 
the  soils  developed  on  sedimentary  layers  in 
the  area  (Smith  1971).  The  soil  is  a  gravelly, 
sandy  loam  with  a  low  clay  content.  Available 
water  is  slightly  higher  than  for  the  Fountain- 
derived  soil.  Nitrogen,  potassium,  and  phos- 
phorus are  deficient.  The  surface  soil  is  neutral 
or  slightly  acidic,  with  acidity  increasing  with 
depth  (tables  2,  3). 


Structure 

Manitou  Park  is  a  fault  outlier:  an  outcrop 
of  younger  rocks  isolated  by  faulting  in  an  area 
of  older  rocks.  The  sedimentary  structure  con- 
jsists  of  a  westward-dipping  homocline  or  mono- 
Icline  except  for  sharp  drag  along  the  fault  at 
the  west  edge  of  the  block. 

I  The  dominant  structures  in  Manitou  Park 
jare  faults.  The  area  is  bounded  on  the  east  by 
JMt.  Deception  Fault  (Fowler  1952),  and  on  the 
jjwest  by  the  Ute  Pass  Fault.  In  the  Basin  itself, 
l[there  are  no  folds.  The  most  significant  struc- 
Ijtural  feature  in  the  area  is  the  Ute  Pass  Fault 
Izone,  about  30  miles  long  and  800  to  1,700  feet 
jwide.  Fine-grained,  calcium-rich  breccia  is  found 
ijin  the  northern  part  of  the  fault  zone,  while 
jlarger  uncemented  breccia  is  found  in  the  central 
jand  southern  parts.  In  places,  the  zone  can  be 
^traced  by  the  presence  of  weathered  or  iron- 
fstained  belts  in  the  granite.  The  fault  plane  is 
almost  vertical  with  a  possible  eastward  dip. 
■Both  horizontal  and  vertical  movement  has 
Recurred  along  this  fault  plane.  The  west  block 
has  been  upthrown  with  respect  to  the  east 
.block,  with  an  estimated  maximum  vertical  dis- 
placement of  up  to  several  thousand  feet  and 
minimum  of  several  hundred  feet.  The  horizon- 
ital  displacement  is  not  known.  On  the  western 
side,  the  upthrown  block  of  Pikes  Peak  Granite 
lorms  a  prominent  fault  scarp. 


There  was  a  tremendous  amount  of  shearing 
in  the  Ute  Pass  Fault  zone.  Movement  began  in 
the  Precambrian  and  continued  until  Miocene- 
Pliocene  time.  Sweet  (1952)  states  that  the 
faulting  is  late  Tertiary  or  early  Pleistocene. 

The  Mt.  Deception  Fault  zone  on  the  east 
side  of  Manitou  Park  is  closely  related  to  the 
Ute  Pass  Fault  zone.  The  trends  of  both  fault 
zones  are  parallel  for  most  of  their  extent.  The 
sediments  dip  most  steeply  just  to  the  west  of 
the  fault  and  then  flatten  out  farther  west.  The 
west  block  is  downthrown,  probably  a  high-angle 
reverse  fault  dipping  steeply  to  the  east.  Other 
minor  faults  in  the  area  include  the  Trout 
Creek  Fault,  which  extends  for  about  5  miles  in 
a  north-south  direction  halfway  between  the  Ute 
Pass  and  Mt.  Deception  Faults,  and  the  Fish 
Hatchery  Fault,  which  connects  the  Ute  Pass 
Fault  with  the  Trout  Creek  Fault.  Scott  ^  re- 
ferred to  the  Mt.  Deception  Fault  as  a  branch 
of  the  Ute  Pass  Fault.  Harms  (1965)  refers  to 
the  east  side  of  the  Manitou  Park  Basin  as  a 
monoclinal  flexure  rather  than  a  fault. 


Geologic  History 

The  major  events  in  the  geologic  history 
of  the  Manitou  Park  area,  as  determined  by 
Sweet  (1952),  are: 

1.  Development  of  a  peneplain  on  the  sur- 
face of  the  Pikes  Peak  Granite  before  Late  Cam- 
brian time. 

2.  Advance  of  the  Late  Cambrian  sea  from 
the  west  around  the  margins  of  the  Front 
Range  highland,  and  deposition  of  the  Sawatch 
Sandstone. 

3.  Change  in  depositional  conditions  with- 
out uplift,  and  deposition  of  the  Early  Ordovician 
Manitou  Limestone. 

4.  Retreat  of  the  sea  at  the  end  of  Manitou 
deposition  and  erosion  of  the  area  during  the 
remainder  of  the  Ordovician,  Silurian,  and  prob- 
ably part  of  the  Devonian. 

5.  Submergence  in  Devonian  time,  and 
deposition  of  the  Williams  Canyon  Limestones 
and  Sandstones. 

6.  Emergence  and  erosion  during  the  Late 
Devonian  and  possibly  the  very  Early  Mis- 
sissippian. 

7.  Submergence  in  the  Early  Mississippian, 
and  deposition  of  the  Madison  Limestone. 


Personal  communication  with  Glenn  R.  Scott,  U.  S. 
Geological  Survey ,  Denver  Federal  Center,  Colorado,  1972. 
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8.  Uplift  with  mountain-building  during  the 
Early  Pennsylvanian,  and  deposition  of  the 
Fountain  Formation  as  a  thick  series  of  coarse 
clastic  sediments  around  the  margins  of  the 
mountain  mass. 

9.  No  record  of  the  remainder  of  the 
Paleozoic  and  the  entire  Mesozoic. 

10.  A  period  of  uplift  and  mountain-building 
at  the  close  of  the  Cretaceous.   The  folding 
which  occurred  at  this  time  probably  formed 
the  Manitou  Park  syncline. 

11.  Peneplanation  on  the  surface  of  the  Front 
Range  mountains,  and  deposition  of  a  thick 
series  of  stream  gravels  in  Manitou  Park  by 
streams  flowing  eastward  across  the  erosional 
surface. 

12.  Late  Tertiary  uplift. 

13.  Active  stream  erosion  during  the  Quater- 
nary, with   development  of  narrow   erosional 
surfaces   along  the  major  streams  of  Manitou 
Park  during  the  Pleistocene. 


Physiography 

The  topography  of  the  area  is  mature, 
highly  dissected,  and  well  drained.  The  streams 
form  a  dendritic  pattern  in  the  east  where 
homogeneous  outcrops  of  granite  are  found. 
Here  the  relief  is  complex,  with  drainageways 
extending  almost  to  the  tops  of  the  mountains, 
leaving  only  naiTow  summits.  Limestone  terrain 
is  characterized  by  a  trellis  or  blocky  drainage 
system.  Secondary  drainages  many  times  branch 
out  perpendicular  to  the  main  drainage,  forming 
blocks  of  gently  sloping  or  rounded  hills. 

Broscoe  (1959)  divides  the  area  in  and  near 
Manitou  Park   into   four  geomorphic   districts: 

(1)  The  Pikes  Peak  Granite-pre-Pennsylvanian 
outcrop  area  of  the  Rampart  Range,  which  he 
refers   to   as   the  Rampart  Range  granite  area; 

(2)  the  widely  spread  outcrop  area  of  Pikes 
Peak  Granite  west  of  the  Ute  Pass  Fault,  which 
he  calls  the  Rule  Creek  granite  area;  (3)  an 
area  of  widespread  Oligocene  gravels  in  the 
vicinity  of  the  town  of  Divide;  and  (4)  the  low- 
land of  the  Manitou  Park  Basin  which  is  under- 
lain by  the  Fountain  Formation. 

Both  the  Rampart  Range  and  Rule  Creek 
granite  areas  are  heavily  forested.  On  weather- 
ing. Pikes  Peak  Granite  forms  large,  rounded 
masses,  which  are  surrounded  by  a  very  coarse 
gravel  called  grus.  The  soil  developed  on  this 
material  is  very  coarse  and  permeable.  In 
several  places,  such  as  at  the  head  of  White 
Spruce  Gulch,  drainage  ditches  from  the  Ram- 
part Range  Road  have  been  diverted  into  natural 
drainageways.  Increased  discharge  at  the  head 
of  the  washes  has  caused  active  gullying.  With 


the  exception  of  man-disturbed  areas,  however, 
there  is  little  erosion  in  the  gi-anite  area.  Any 
inequilibrium  in  the  granite  terrain  is  more  in 
the  direction  of  alluviation,  rather  than  gullying. 
Broscoe  (1959)  considers  the  Rampart  Range 
and  Rule  Creek  areas  to  be  unlikely  sources  for 
the  sediment  presently  being  deposited  in 
Manitou  Park  Lake. 

The  area  of  gravel  near  Divide  is  similar  to 
the  granite  areas,  with  its  gravelly  soil  and  lack 
of  erosion,  except  for  the  man-disturbed  areas. 
Therefore,  Broscoe  (1959)  considers  the  most 
likely  source  of  sediment  in  the  area  to  be  the 
Manitou  Park  Basin,  with  its  extensive  alluvial 
terrace  and  floodplain  deposits. 

Three  terraces  are  found  in  the  Manitou 
Park  Basin  (fig.  6),  an  oldest  high  terrace,  an 
intermediate  terrace,  and  a  youngest  low 
terrace  (Broscoe  1959).  These  terraces  are 
developed  on  areas  underlain  by  the  Fountain 
Formation.  The  highest  surface  is  preserved 
only  in  scattered  ridges  and  benches.  Remnants 
of  this  terrace  stand  approximately  80  to  100 
feet  above  the  intermediate  terrace.  All  of  the 
terraces  are  cut  by  numerous  small  channels. 
Many  of  the  courses  of  the  Trout  Creek  drain- 
age system  are  underlain  by  Quaternary 
alluvium.  Sweet  (1952)  called  the  highest  terrace 
gravel  the  Woodland  Park  Formation  and  con- 
sidered it  to  be  of  Tertiary  age,  though  he 
thought  the  terrace  developed  in  the  Pleistocene. 

Most  of  the  second  or  intermediate  terrace 
remnants  west  of  highway  67  are  near  the  west 
boundary  of  the  Experimental  Forest.  The  oldest 
stage  of  physiographic  development  on  the 
lowest  terrace,  with  a  relatively  flat  slope,  is 
found  west  of  but  near  the  highway.  Here  the 
ridges  have  been  worn  down  to  produce  a 
gently  rolling  slope.  West  of  the  oldest  stage, 
the  low  terrace  consists  of  a  mature,  much  dis- 
sected area  with  many  ridges  and  gullies. 
Further  west  is  a  youthful  area  where  ridges 
and  gullies  are  just  beginning  to  develop.  The 
slopes  on  the  different  terraces  vary  from  4°  to 
8°  with  a  trend  of  about  N.  70°  E.  This  trend 
accounts  for  the  general  northeast  trend  of  the 
ridges  and  gullies.  All  three  terraces  were 
originally  cut  in  Fountain  arkose. 

Pedestals,  weirdly  shaped  remnants  of  tht 
Fountain  arkose,  are  scattered  throughout  west 
of  highway  67  and  around  Manitou  Park  Lake 
They  represent  remnants  of  the  next  highej 
terrace  which  has  been  eroded  away  in  th( 
surrounding  area.  Pedestals  are  not  as  commor 


'*  Retzer,  John  L.  1949.  Soils  and  physical  conditions 
of  Manitou  Experimental  Forest.  123  p.  (Unpublished 
report  on  file  at  Rocky  Mt.  For.  and  Range  Exp.  Stn., 
USDA  For.  Serv.,  Fort  Collins,  Colo.) 
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east  of  the  highway,  but  outcrops  of  Fountain 
arkose  are  numerous,  especially  in  northern 
portions  of  the  area.  Since  the  pedestals  are 
being  worn  down,  it  is  not  possible  to  deter- 
mine their  original  height  and,  therefore,  the 
height  of  the  next  higher  terrace  in  the  adja- 
cent area.  Currently,  the  pedestals  range  from 
20  to  50  feet  in  height,  and  strike  approximately 
north-south  and  dip  to  the  west.  It  is  not 
known  just  why  the  pedestals  remained  while 
surrounding  layers  were  eroded  away,  but  one 
possibility  could  be  that  the  pedestals  have  a 
slightly  more  durable  cement  than  did  the 
adjacent  layers. 

The  pedestals,  with  their  orange  color 
standing  in  sharp  contrast  against  the  green 
background  of  the  surrounding  forest,  add  to 
the  scenic  beauty  of  the  area.  Near  the 
Rainbow  Falls  Road,  Trout  Creek  has  cut 
through  an  outcrop  of  Fountain  arkose  and  left 
orange  cliffs  about  100  feet  high.  Also,  in 
Missouri  Gulch  the  stream  has  cut  a  canyon 
about  150  feet  deep,  exposing  the  contact 
between  the  Sawatch  Sandstone  and  the  Pikes 
Peak  Granite. 


Setting  of  Manitou  Park  in  the  Front  Range 

Manitou  Park  is  unique  in  that  it  is  a  struc- 
turally depressed  block  containing  a  Paleozoic 
sedimentary  formation,  while  the  other  parklike 
areas  in  the  Front  Range  were  formed  by 
erosional  processes  in  crystalline  rocks.  The 
soils  of  Manitou  Park  are  mostly  of  granitic 
origin,  and,  therefore,  differ  from  other  soils 
in  the  Front  Range  only  because  of  their 
derivation  from  the  distinctive  Pikes  Peak 
Granite.  The  erosive  qualities  of  soils  derived 
from  Pikes  Peak  Granite  make  it  imperative  that 
extreme  caution  be  exercised  whenever  any 
alteration  of  the  surface  profile  is  planned  for 
road  construction,  housing  developments,  or 
other  disturbance. 

Reestablishment  of  shrubs   and  grasses  is 
very  slow  on  Pikes  Peak  and  Fountain-derived 
soils.  Once  these  plants  are  removed,  the  soil 
becomes  greatly  weakened.  The  soils  are  held 
I  together  mostly  by  mats   of  needles   dropped 
i  from   the    trees.    Tramping    on  these  soils  is 
I  harmful  and  should  be  minimized  to  protect 
}  the  area.  Residential  development  would  most 
1  likely  cause  a  severe  erosional  problem.  A  good 
idea  of  the  severe  erosion  potential  in  this  area 
I  can  be  obtained  by  observing  residential  devel- 
opment just  south  of  the  town  of  Divide. 


These  restrictions  apply  not  only  to  the 
Manitou  Experimental  Forest  lands,  but  to  any 
Front  Range  lands  having  soils  derived  from 
Pikes  Peak  Granite.  The  sedimentary  forma- 
tions in  the  area  of  the  Experimental  Forest 
are  encountered  nowhere  else  in  the  Front 
Range  and  are  of  minimal  importance. 
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Abstract 

A  provenance  test  of  49  origins  of  Scotch  pine  (Pinus  sylvestris 
L.)  from  eastern  Europe,  Russia,  and  Siberia  was  established  at 
three  locations  in  North  Dakota  and  one  in  Nebraska.  After  10 
years  (7  in  Nebraska),  trees  from  50°  to  55°  latitude  and  20°  to 
40°  longitude  survived  best,  were  taller,  and  had  greener  winter 
foliage.  Several  provenances  appear  to  be  well  suited  for  planting 
in  shelterbelts  and  for  Christmas  tree  culture. 

Oxford:    232.12:165.52.    Keywords:    Geographic    variation,    prove- 
nance trials,    Pinus  sylvestris. 


PREFACE 

The  cooperation  of  many  individuals  made  this  provenance 
study  possible.  Robert  B.  Hill,  Institute  of  Forest  Genetics  at 
Rhinelander,  Wisconsin,  and  Paul  O.  Rudolf,  Lake  States  Forest 
Experiment  Station,  initiated  the  study.  Some  of  the  planting  stock 
was  provided  by  Mark  Hoist  of  the  Petawawa  Forest  Experiment 
Station,  Ontario,  Canada,  and  by  Jonathan  W.  Wright,  Professor  of 
Forestry,  Michigan  State  University.  David  H.  Dawson  and  Paul  E. 
Slabaugh  of  the  Shelterbelt  Laboratory,  Bottineau,  were  primarily 
responsible  for  the  planting,  maintenance,  and  measurements  of 
the  North  Dakota  plantings.  Walter  T.  Bagley,  Associate  Professor 
of  Horticulture  and  Forestry,  University  of  Nebraska,  made  the 
Nebraska  planting,  and  Ralph  A.  Read,  Rocky  Mountain  Forest  and 
Range  Experiment  Station,  Lincoln,  maintained  and  measured  it. 

Studies  of  this  type  are  conducted  by  the  USDA  Forest  Service 
through  its  Rocky  Mountain  Forest  and  Range  Experiment  Station 
Research  Work  Unit  at  Bottineau,  North  Dakota,  to  identify  and 
develop,  through  selection  and  breeding,  better  adapted  and  more 
useful  trees  and  shrubs  for  planting  in  the  Great  Plains. 
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Scotch  Pine  for  the  Northern  Great  Plains 


Richard   A.   Cunningham 


Introduction 

A  wider  variety  of  pine  species  is  needed 
for  planting  in  shelterbelts  and  windbreaks  in 
the  northern  Great  Plains.  Ponderosa  pine 
(Pinus  ponderosa  Laws.),  the  only  species  of 
pine  that  has  been  widely  planted  in  this 
region,  has  poor  initial  survival,  slow  initial 
growth,  and  is  susceptible  to  winter  injury. 

Although  Scotch  pine  (Pinus  sylvestris  L.) 
has  not  been  planted  very  extensively,  limited 
trials  suggest  it  is  well  suited  for  shelterbelt 
plantings.  These  early  trials  indicated  the  im- 
portance of  obtaining  trees  from  the  proper 
geographic  region,  hov.'ever. 

During  the  period  1956-61,  seed  and  seedlings 
of  known  provenances  from  the  U.S.S.R.  be- 
came available  to  the  Lake  States  (now  North 
Central)  Forest  Experiment  Station  (fig.  1). 
Since  these  provenances  represented  northern 
latitudes  and  climatic  conditions  similar  to  those 
in  the  northern  Great  Plains,  their  availability 
provided  an  excellent  opportunity  to  test  a  wide 
range  of  provenances  for  adaptability  and  growth 
in  the  northern  Great  Plains.  This  Paper  sum- 
marizes 10  years  of  observations  of  growth 
survival,  and  winter  foliage  color  of  provenance 
trials  in  North  Dakota  and  Nebraska. 


Past  Work 

George  (1953)  reported  the  results  of  ex- 
tensive trials,  in  the  northern  Great  Plains,  of 
many  tree  and  shrub  species.  Of  two  Scotch 
pine  origins,  a  provenance  from  Russia  was 
more  hardy  than  one  of  unknown  origin  obtained 
from  a  commercial  dealer.  At  10  years  of  age, 
75  percent  of  the  Russian  origin  had  survived 
and  averaged  12.5  feet  in  height.  In  1950,  20 
years  after  planting,  survival  was  still  75  per- 
cent and  the  trees  averaged  28.5  feet  tall. 
Winter  injury  was  rated  none  or  minor. 

Species  trials  at  the  Denbigh  Experimental 
Forest  indicated  that,  in  north-central  North 
Dakota,  Scotch  pine  from  Latvia  and  Finland 
survived  best  and  grew  moderately  fast.^ 

^Slucckeler.  J.  H..  and  E.  J.  Dorlignac.  19.19.  Kc/xirt 
uj  irork  at  Denbigh  Station.  Unpublished  report  on  file 
at  USDA  Forest  Service  Shelterbelt  Laboratory,  Bottineau, 
N.  D. 


Cram  and  Brack  (1953)  studied  vigor  and 
seed  crops  of  trees  representing  six  geographic 
races  of  Scotch  pine  growing  in  a  prairie-plains 
environment.  Survival  and  growth  seemed  to 
be  two  distinct  characteristics  of  the  geographic 
races  studied.  Some  seeds  from  Russian  sources 
apparently  were  frost-hardy  during  the  repro- 
ductive process  (anthesis  stage  of  the  flowers 
and  the  initial  enlargement  of  the  embryonic 
cones).  The  Russian  provenance  suffered  no 
winter  injury  in  1951  when  all  but  one  other 
provenance  did.  A  Scottish  provenance  showed 
greatest  vigor,  while  the  Finnish  and  Russian 
provenances  survived  best.  The  Russian  prov- 
enance had  the  best  combination  (relative  vigor 
X  survival)  of  these  two  characteristics  at  the 
test  site. 

Stoeckeler  and  Rudolf  (1949)  reported  on 
winter  injury  and  recovery  of  conifers  in  the 
Lake  States  following  unusual  weather  condi- 
tions in  1946  through  1948.  In  north-central  North 
Dakota,  Scotch  pine  of  Finnish  origin  showed 
no  browning  of  foliage  while  other  pines  suf- 
fered vaiying  degrees  of  needle  discoloration. 
Similar  results  were  reported  from  plantations 
of  Scotch  pine  on  the  Chippewa  National  Forest 
in  Minnesota.  Generally  the  trees  representing 
the  more  northerly  sources  had  less  damage 
than  those  from  farther  south.  Scotch  pine  of 
Manchurian  and  northern  European  origin  suf- 
fered less  foliage  injury  than  local  red  pine 
( Pinus  resinosa  Arr. ) . 

Winter  injury  following  a  severe  winter  was 
observed  by  Rudolf  ( 1948 )  on  Scotch  pine  planted 
in  northern  Minnesota.  Trees  grown  from  seed 
collected  in  the  same  climatic  zone  as  Cass 
Lake  (Minnesota)  suffered  very  little  foliage 
injury.  Trees  from  seed  originating  in  a  milder 
climate  suffered  greater  foliage  loss. 

Read  (1971)  reported  on  a  field  test  of  36 
provenances  of  Scotch  pine  in  eastern  Nebraska. 
Results  after  8  years  revealed  that  (1)  southern 
origins  bordering  the  Mediterranean  grow  slowly 
to  moderately  fast  and  remain  dark  green  in 
winter,  (2)  central  European  origins  grow  very 
fast  and  turn  yellowish  green  in  winter,  and  (3) 
northern  origins  grow  slowly  and  turn  very 
yellow  in  winter.  Southern  origins  were  recom- 
mended for  Christmas  trees,  fast  growing  central 
European  origins  were  recommended  for  wind- 
breaks, and  the  northern  origins  were  recom- 
mended as  special-purpose  ornamentals. 


Figure   1.  — Natural  distribution  of  Scotch  pine, 
and  location  of  origins  tested. 

(see  Map  32,   Critchfield  and 
Little  1966) 
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U.S.S.R. -WEST  URAL  MOUNTAINS 
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U.S.S.R. --CENTRAL  RUSSIA 

1935  50.00  30.00  balaaniaa^ 

1936  54.00  32.00  balaaniaa 

1937  54.50  32.00  balaaniaa 

1938  54.00  36.00  balaaniaa 

1939  53.00  37.00  balaaniaa 
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l.S.S.R. -LATVIA 

920    57.50  25.83  rigensis'^ 
i921    57.67  26.33  rigensis 

loRTHERN  POLAND 
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WESTERN  HUNGARY 

1934    't7.68  16.58  pannoniaa^ 

TURKEY 

1932    ho. SO     32.67  armem''- 


^Wright  et  al .  (1966). 

^From  different  sites  and  age  classes. 

3Pravdin  (I969). 


Materials  and  Methods 


Seed  from  24  Russian  and  Siberian  prove- 
nances was  received  by  the  Lake  States  Forest 
Experiment  Station  in  1956.  Part  of  this  seed 
was  sown  in  the  Hugo  Sauer  Nursery,  Rhine- 
lander,  Wisconsin,  in  1957.  After  2  years  in  the 
seedbed,  the  stock  was  lifted  and  shipped  to 
North  Dakota  where  it  was  lined  out  in  trans- 
plant beds  at  the  Towner  Nursery. 

In  addition  to  the  24  sources  grown  from 
seed,  the  Petawawa  Forest  Experiment  Station, 
Chalk  River,  Ontario,  supplied  9  different  seed 
sources  of  Russian  origin  as  2-1  stock.  These 
seedlings  were  lined  out  in  transplant  beds  at 
the  Towner  Nursery  in  1960.  In  the  spring  of 
1961  both  groups  of  seedlings  were  field  planted. 

A  randomized  complete  block  design  was 
used  in  all  field  plantings.  Single  tree  plots 
were  arranged  in  24  replications.  Three  out- 
plantings  were  made  in  North  Dakota  and  one 
in  Nebraska  (fig.  2,  table  1).  An  additional  out- 
planting  at  Indian  Head,  Saskatchewan,  was  a 
complete  failure,  primarily  due  to  drought- 
induced  mortality. 

A  block  planting  was  made  at  Denbigh  Ex- 
perimental Forest  in  central  North  Dakota 
(Denbigh-1).  The  soil  on  this  site  is  a  loamy 
fine  sand.  Each  test  tree  was  separated  by  filler 
trees  of  ponderosa  pine  from  a  Black  Hills  seed 
source.  Spacing  was  7  feet  by  7  feet. 

Plantings  in  Richland  and  Ransom  counties 
in  southeastern  North  Dakota  were  in  the  form 
of  a  shelterbelt  in  which  two  center  pine  rows 
were  flanked  by  a  shrub  (Caragana  aborescens 
Lam.)  row  and  a  hardwood  (Fraxinus  pennsyl- 
vanica  Marsh.)  row.  The  Richland  planting  was 
oriented  east-west;  the  Ransom  planting,  north- 
south.  Tree  rows  were  spaced  10  feet  apart,  and 
trees  within  the  rows  about  6.5  feet  apart. 


Denbigh 


NORTH  DAKOTA 


Ransom  a 
Richland  * 


SOUTH  DAKOTA 


NEBRASKA 


Horning 


Figure   2.  — Location    ot    test    sites    in  North   Dakota  and 
Nebraska. 


At  Ransom,  the  site  is  an  alluvial  bottom- 
land with  soils  ranging  from  silty  clay  loam  to 
fine  sandy  loam.  Soil  at  the  Richland  site  varies 
from  loamy  fine  sand  to  loam. 

All  three  locations  were  planted  by  hand. 
Site  preparation  consisted  of  plowing  and  disking 
a  year  prior  to,  as  well  as  immediately  before, 
planting. 


Table    l.--Test    site    locations   and   climatic   data^ 


Site  location   County 


Average 

Lati-        Longi-  Eleva-      temperature 

tude  tude  t  ion         ,  ,    , 

Jan  .         Ju 1 y 


Freeze- 
free 
days 


Average 
prec  ipi  tat  ion 
Apr  i 1 ■ 
Sept . 


Annua  1 


Per  iod 

of 
record 


N  W 

Denbigh,    N.D.      McHtnry        ^8°17'  100°39' 

Ransom,    N.D.        Ransom  kG°3] '  97°19' 

Richland,    N.D.    Richland      '4  6°23 '  97°!^' 

Horning,    Nebr.    Cass  ijroO'  gS'S'*' 


Feet  F  No. 

]hSe  h.S  69.7  ll'* 

1080  k.G  71.1  120 

1080  k.e  71.1  120 

1100  22.2  77.2  163 


Inches 

13.30         15.92  1961-70 

15.60         19.16  1961-70 

15.60        19.16  1961-70 

2'*. 5'*       31.92  1961-65 


^Nearest   U.S.    Weather    Bureau   used:      Denbigh--Granv i 1 le,    N.D. 

Ransom  and  R ichland--McLeod ,  N.D. 
Horning--prec ipi tat  ion,  Plattsmouth,  Nebr.; 
temperature,  Weeping  Water,  Nebr. 


Plantation  failures  were  replanted  with  extra 
line-out  stock  in  the  spring  of  1962. 

Weeds  were  controlled  by  rototilling  at  the 
Ransom  and  Richland  sites  annually  for  the 
first  7  years  after  planting,  and  at  Denbigh  for 
the  first  5  years. 

Low-lying  portions  of  the  Richland  planting 
were  inundated  for  an  extended  period  in  the 
spring  of  1962,  which  resulted  in  higher  than 
normal  mortality. 

The  outplanting  in  Nebraska  was  on  the 
University  of  Nebraska  Horning  State  Farm  near 
Plattsmouth.  The  soil  is  a  silty  clay  loam  de- 
rived from  loess.  A  block  planting  design  was 
used,  with  single  tree  plots  and  24  rephcations 
per  seed  source.  Eastern  redcedar  (Juniperus 
virginiana  L.)  filler  trees  were  planted  to  give 
a  final  spacing  of  7  feet  by  7  feet.  The  soil  was 
disked  the  fall  of  1960,  and  the  trees  were 
machine  planted  in  mid-April  1961.  Plantation 
failures  (except  origins  624  and  626)  were  re- 
planted with  extra  line-out  stock  in  the  springs 
of  1962  and  1963.  Weeds  were  controlled  by  roto- 
tilling the  first  year  after  planting,  and  with 
chemicals  thereafter  (simazine,  4  lbs/acre). 

In  April  1968,a  wildfire  completely  destroyed 
the  plantation  at  Horning  Farm. 

In  the  spring  of  1963  the  original  study  was 
enlarged  by  the  acquisition  of  16  additional 
Scotch  pine  provenances  from  western  Europe 
and  eastern  Asia.  In  1961,  Jonathan  Wright, 
Michigan  State  University,  sent  2-0  seedlings 
from  16  provenances  to  the  Institute  of  Forest 
Genetics  at  Rhinelander,  Wisconsin.  The  seed- 


lings were  lined  out  in  transplant  beds  until 
April  1963  when  they  were  lifted  and  sent  to 
the  Shelterbelt  Laboratory,  Bottineau,  North 
Dakota. 

A  block  planting  of  these  additional  prov- 
enances was  made  in  the  spring  of  1963  on  the 
Denbigh  Experimental  Forest  (Denbigh-2).  Ten 
replications  of  square  four-tree  plots  were  hand 
planted  at  a  spacing  of  7  feet  by  7  feet.  The 
soil  is  a  loamy  fine  sand.  Plantation  failures 
were  replanted  with  extra  line-out  stock  in  the 
spring  of  1964.  Weeds  were  rototilled  the  first 
5  years  after  planting. 

Survival,  total  height,  and  current  leader 
growth  were  measured  in  the  North  Dakota 
plantings  at  the  end  of  the  first,  second,  fifth, 
and  tenth  years  after  planting.  These  valuables 
were  measured  annually  in  the  Nebraska  plant- 
ing until  the  spring  of  1968  when  the  planting 
burned. 

Winter  foliage  color  was  scored  after  6 
growing  seasons  in  Nebraska  and  after  10  grow- 
ing seasons  in  the  North  Dakota  plantings. 

Crown  density  was  scored  after  10  growing 
seasons  in  the  four  North  Dakota  plantings. 


Results 


Survival 


Relative  survivals  summarized  by  variety 
are  listed  in  table  2;  detailed  information  on 
each    origin    at    each    test    site    is  in  table  3. 


Table   2. --Relative   performance  of    Scotch   pine  varieties    in    the   northern  and   central    Great   Plains 

(percent   of   al 1 -plantat ion   mean) 


Geographic   area 


Var  iety 


Survival   Total  height   Crown  density  Winter  foliage  color 


Far  eastern  Siberia 
Central  Siberia 

[Eastern  Russia 
Central  Russia 
Eastern  Europe 


Turkey 

Werage,  all  test  sites 


mongoliaa 

91 

8^. 

95 

67 

lapponiaa 

eniseensis 

altaiaa 

36 

103 
107 

58 
116 

78 

lOi* 

3^ 

68 
83 
97 

uralensis 

103 

105 

102 

102 

balaaniaa 

108 

122 

103 

151 

rigensis 
poloniaa 
septentrionalis 
pannoniaa 

102 

102 

80 

111 

119 

109 

92 

97 

97 

100 

89 

114 
112 
119 
118 

armena 

93 

6if 

9'» 

140 

Percent 

Meters 

Scale^ 

Scale'^ 

79 

■h.hl 

1.95 

2.56 

^Ranked  on  a  scale  of  1  =  sparse,  3  =  dense. 

^Ranked  on  a  scale  of  1  =  yellowest,  5  =  darkest  green. 
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Trees  from  only  two  seed  sources  suffered 
serious  mortality  (greater  than  50  percent). 
These  were  trees  from  northern  Siberia  of  the 
lapponica  variety  (624,  626).  Survival  of  the  49 
origins  averaged  over  all  sites  was  79  percent. 


Trees  of  the  balcanica  variety  from  central 
Russia  averaged  the  highest  overall  survival, 
followed  closely  by  the  altaica  variety. 


Height  Growth 

Generally  trees  from  the  more  southwesterly 
origins  grew  tallest  (fig.  3,  tables  2  and  3).  At 
Denbigh-1  and  Horning,  approximately  67  and 
78  percent  of  the  variation  in  total  height  could 
be  attributed  to  the  combined  effect  of  latitude 
and  longitude.  At  Denbigh-2  where  a  more  re- 
stricted range  of  varieties  were  tested  the 
combined  effect  of  latitude  and  longitude  ac- 
counted for  45  percent  of  the  variation  in  total 
height. 

Fastest  growing  varieties  included  polonica 
from  eastern  Europe,  balcanica  from  central 
Russia,  and  altaica  from  south-central  Siberia. 
The  mongolica,  and  lapponica  varieties  from  far- 
eastern  and  central  Siberia  grew  slowest. 

Significant  intra-variety  variation  was  evi- 
dent in  several  of  the  geographic  varieties.  Origin 
1941  of  the  uralensis  variety  out  performed  any 
other  origin  within  that  variety.  Its  more 
southerly  location  likely  accounts  for  its  supe- 
rior performance. 

More  localized  variation  is  expressed  by  the 
relative  performances  of  origins  1936  and  1937. 
Separated  by  only  one-half  degree  of  latitude 
(about 34  miles),  origin  1936  outgrew  origin  1937 
by  a  wide  margin  at  each  of  the  test  sites. 

Varietal  performance  at  different  locations 
was  quite  consistent.  At  least  9  of  the  overall 
top  10  origins  could  be  predicted  from  individual 
test  site  performance  (table  4).  The  maximum 
change  in  rank  for  any  origin  at  any  test  site 
was  four  positions.  This  apparent  lack  of 
sizable  genotype-environment  interaction  sug- 


Table  4. --Relative  ranking  at  each  test  site  of 
the  10  provenances  averaging  tallest 
over  h    test  sites 


Figure  3.— Differences  in  height  growth  were  striking. 
Origin  1936,  boicanica  |A),  outgrew  origin  624 
lapponica  (B),  by  a  wide  margin  at  all  sites. 


Origin 

Al  1 -site 
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number 
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1939 
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1935 
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2 
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/4 
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7 
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1936 
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5 
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gests  that  the  results  of  this  study  may  indicate 
performance  of  the  origins  over  a  wide  range  of 
sites  in  the  northern  and  central  Plains. 

The  accuracy  with  which  performance  after 
10  years  in  the  field  could  have  been  predicted 
from  fifth-year  data  is  indicated  below: 


Plantation 

Denbigh-1 
Denbigh-2 
Ransom 
Richland 


Correlation  (r)  Success  ratio 


0.96 
.98 
.96 
.90 


9/10 
9/10 
9/10 
8/10 


The  success  ratio  is  the  number  of  origins  cor- 
rectly predicted  from  fifth-year  data  to  be  the 
best  of  10  origins  after  10  years.  All  r  values 
are  significant  at  the  1  percent  level.  These 
ratios  show  that,  at  3  of  the  4  locations,  9  of 
the  top  10  origins  could  have  been  correctly 
predicted  5  years  in  advance.  Early  evaluation 
of  performance  should  shorten  the  time  interval 
between  test  initiation  and  practical  application 
of  results. 


Crown  Density 

Considerable  intra-origin  variation  was  evi- 
dent in  crown  density.  One  tree  from  a 
particular  origin  might  exhibit  a  dense, compact 
crown  while  another  tree  from  the  same  origin 
would  be  very  open  and  sparsely  branched  (fig. 
4).  This  intra-origin  variation  tended  to  obscure 
between-origin  differences. 

Generally  the  central  Siberian  origins  from 
the  southern  Yenesei  River  exhibited  the  best 
crown  density  (tables  2  and  3).  Next  best  were 
those  origins  of  the  balcanica  variety.  Poorest 
were  the  most  northerly  origins  of  thelapponica 
variety. 

Crown  density  is  a  function  of  several  var- 
iables. (Dawson  and  Read  1964).  It  appears  that, 
in  order  of  decreasing  importance,  branch  angle 
would  be  the  most  important,  followed  by  num- 
ber of  branches,  live  branch  retention,  kind  and 
amount  of  foliage,  and  finally  branch  thickness. 
The  degree  to  which  each  of  these  variables 
contributes  to  overall  crown  density  requires 
further  investigation.  It  should  be  possible,  how- 


Ti/ 


Figure  4.— These  trees,  both  from  origin  1940  in  central  Russia,  demonstrate  intra-origin  variation 

in  form  and   crown  density. 


ever,  to  find  a  rapidly  growing  tree  that 
exhibits  good  crown  density,  a  desirable  charac- 
teristic for  a  shelterbelt  tree.  Origins  that  com- 
bine such  desirable  characteristics  will  be 
discussed  later. 

Winter  Foliage  Color 

Generally,  the  more  westerly  origins  pro- 
duced trees  with  the  darkest  green  foliage  (tables 
2  and  3).  A  weaker  trend  was  for  more 
southerly  origins  to  be  darker  green.  From  75 
percent  to  89  percent  of  the  variation  in  winter 
foliage  color  was  related  to  the  combined  effect 
of  latitude  and  longitude. 

The  six  darkest  green  origins  at  each  test 
site  where  color  was  scored  were  from  south  of 
56°  north  latitude  and  west  of  57°  east  longitude. 
Varieties  represented  by  these  origins  were 
armena,  septentrionalis,  pannonica,  regensis, 
polonica,  and  balcanica. 


Conclusions  and  Recommendations 

All  of  the  Scotch  pine  varieties  but  two  sur- 
vived adequately  at  all  test  sites.  Origins  624 
and  626  of  the  lapponica  variety  suffered  exten- 
sive mortality  at  all  test  sites.  The  absence  of  a 
prolonged  drought  during  the  test  period  pre- 
cludes the  identification  of  origins  particularly 
susceptible  to,  or  tolerant  of,  extreme  drought. 
Scotch  pine  is  generally  considered  less  tolerant 
of  drought  than  is  ponderosa  pine. 

In  shelterbelt  plantings,  adequate  survival, 
rapid  growth  rate,  and  moderately  good  crown 
density  are  important  traits.  Foliage  color, 
particularly  winter  color,  is  important  where 
esthetic  values  should  be  considered,  particu- 
larly in  farmstead  plantings. 

Although  crown  density  was  not  highly 
variable  among  the  origins  tested,  the  central 
Siberian  and  Russian  origins  were  generally 
most  dense  and  the  northern  Siberian  origins 
the  least  dense. 

Both  growth  rate  and  winter  foliage  color 
varied  considerably  (table  5).  Generally,  trees 
from  the  more  southwesterly  origins  grew  fastest 
and  had  the  darkest  green  winter  foliage.  Read 
(1971)  reported  a  similar  trend  with  trees  from 
origins  in  France,  Belgium,  and  Germany  grow- 
ing faster  and  having  greener  winter  foliage 
than  trees  from  origins  in  Siberia. 

For  windbreaks,  where  foliage  color  is  not 
important,  the  best  origins  for  planting  in  the 
northern  Great  Plains  are  from  central  Russia 
(1939, 1940)  and  the  Ural  Mountains  (1927,1930). 
Nearly  as  good  are  a  number  of  origins  from 
central  Siberia  (1922,  1923,  1926,  637).  For  wind- 


break plantings  in  the  central  Great  Plains,  Read 
(1971)  recommended  fast-growing  central  Euro- 
pean origins  from  Belgium,  Germany,  and 
France.  The  adaptability  of  these  origins  to  the 
colder  climate  of  the  northern  Great  Plains  has 
not  been  adequately  tested. 

The  fastest  growing  origins  with  good  color 
are  from  Poland  (1919,  1931)  and  Latvia  (1920). 
Other  origins  combining  fast  growth  rate  with 
good  color  are  those  from  southern  Sweden 
(1933),  central  Russia  (1935),  Hungary  (1934), 
and  Latvia  (1921).  Poorest  were  origins  from 
northern  Siberia. 

For  Christmas  tree  culture,  origin  1934  from 
Turkey  would  be  a  good  choice  for  the  northern 
Great  Plains.  Its  blue-green  foliage  and  moder- 
ately slow  growth  are  traits  favored  by  Christmas 
tree  growers.  Read  (1971)  also  recommended 
this  variety  (armena)  for  Christmas  tree  culture 
in  Nebraska. 

The  incidence  of  insect  and  disease  attacks 
has  been  only  minor,  and  it  is  not  yet  possible 
to  rank  the  provenances  in  order  of  susceptibility 
to  particular  insect  or  disease  problems. 

Nurserymen  or  tree  planters  should  make 
specific  inquiries  to  seed  dealers  regarding  the 
availability  of  seed  from  desired  origins  or 
varieties.  Often  seed  dealers  can  procure  seed  of 
many  varieties  that  are  not  normally  listed  in 
their  catalogs.  At  least  two  of  the  varieties  rec- 
ommended in  this  Paper  are  presently  listed  by 
United  Slates  seed  dealers.  Others  may  be  avail- 
able upon  request.  The  extra  effort  invested  in 
obtaining  the  best  variety  for  a  specific  use  is 
nearly  always  repaid  many  times  over  in  the 
increased  value  of  the  trees  produced. 
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Table   5. --Groupings  of    Scotch   pine  origins   by  growth   rate  and   winter   foliage  color 


Height  growth 

Blue-green 
fol  iage 

Green  fol iage 

Yel low-green  fol  iage 

Yel low  fol  iage 

VERY  FAST 

1919 

Poland 

1927 

Ural  Mountains 

(more  than  ^6 

cm 

1931 

Poland 

19'«0 

Central  Russia 

per  year) 

1920 

Latvia 

1939 
1930 

Central  Russia 
Ural  Mountains 

FAST 

1921 

Latvia 

1923 

Central  Siberia 

Ski   Al tai  Mountains 

(38  to  ^45  cm 

1933 

Sweden 

1929 

Ural  Mountains 

Shh   Altai  Mountains 

per  year) 

1935 

Central  Russia 

1928 

Ural  Mountains 

640  Al tai  Mounta  ins 

193'* 

Hungary 

19^*1 
1936 
1938 
1922 
1926 
1925 
637 

Ural  Mountains 
Central  Russia 
Central  Russia 
Central  Siberia 
Central  Siberia 
East  Siberia 
Central  Siberia 

6^)3  Al  ta  i  Mounta  ins 
6k]    Altai  Mountains 
1  9't2  Ural  Mountains 

MEDIUM  FAST 

1937 

Central  Russia 

19't3  Ural  Mountains 

(30  to  37  cm 

636  Central  Siberia 

per  year) 

63'*  Central  Siberia 
635  Central  Siberia 
639  Central  Siberia 
638  Central  Siberia 

632  Central  Siberia 

629  Central  Siberia 

633  Central  Siberia 
628  Central  Siberia 

630  Central  Siberia 
6'»5  Ural  Mountains 
6^*6  Ural  Mountains 
623  East  Siberia 

MEDIUM  SLOW 

1932  Turkey 

627  Central  Siberia 

(22  to  29  cm 

625  Central  Siberia 

per  year) 

631  Central  Siberia 

SLOW 

626  North  Siberia 

(less  than  21 

cm 

192't  East  Siberia 

per  year) 

62^1  North  Siberia 
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PESTICIDE   PRECAUTIONARY   STATEMENT 

This  publication  reports  research  involving  pesticides. 
It  does  not  contain  recommendations  for  their  use,  nor 
does  it  imply  that  the  uses  discussed  here  have  been 
registered.  All  uses  of  pesticides  must  be  registered  by 
appropriate  State  and/ or  Federal  agencies  before  they 
can  be  recommended. 

CAUTION:  Pesticides  can  be  injurious  to  humans, 
domestic  animals,  desirable  plants,  and  fish  or  other 
wildlife  — if  they  are  not  handled  or  applied  properly. 
Use  all  pesticides  selectively  and  carefully.  Follow  rec- 
ommended practices  for  the  disposal  of  surplus  pesticides 
and  pesticide  containers. 
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Abstract 


Presents  computer  programs,  written  in  FORTRAN  IV,  for 
analysis  of  inventory  data,  and  computation  of  actual  and  optimum 
growing  stocks  and  allowable  cuts,  and  other  values  needed  for 
forest  management  planning.  Computed  volumes  and  areas  are 
summarized  in  a  timber  management  plan.  Effects  of  cultural 
operations  and  other  changes  are  accounted  for  in  computation  of 
both  actual  and  optimum  conditions.  Supersedes  Research  Paper 
RM-63. 

Oxford:    624:11681.3.    Keywords:    Allowable  cut,   forest  manage- 
ment, timber  management,  Pinus  ponderosa,  Pinus  contorta. 
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Computerized  Preparation  of  Timber  Management  Plans:  TEVAP2 


Clifford    A.    Myers 


Introduction 

Procedures  and  a  computer  program 
(TEVAP)  to  process  inventory  records  and  to 
write  timber  management  plans  (Myers  1970) 
were  tested  for  2  years  on  the  Black  Hills  Na- 
tional Forest.  Following  successful  completion 
of  the  test  (Edwards  et  al.  1973),  the  procedures 
and  program  TEVAP  were  revised.  Modified 
procedures  and  computer  program  TEVAP2  are 
presented  here  to  supersede  the  1970  publication, 
USDA  Forest  Service  Research  Paper  RM-63. 
Some  changes  resulted  from  experience  gained 
during  the  field  test.  These  include  increasing 
the  number  of  blocks  and  working  groups  that 
can  be  accommodated,  and  changing  program 
organization  to  simplify  application  to  additional 
species.  Other  modifications  reflect  improved 
modeling  of  changes  caused  by  silvicultural 
treatments  (Myers  1971)  and  addition  of  the 
effects  of  dwarf  mistletoe  to  appropriate  growth 
equations  (Myers  et  al.  1971,  Myers  et  al.  1972). 

As  listed  in  appendix  1,  TEVAP2  may  be 
used  for:  (1)  ponderosa  pine  (Pinus  ponderosa 
Laws.)  in  the  Black  Hills  of  South  Dakota  and 
Wyoming,  (2)  ponderosa  pine  in  Arizona  and 
New  Mexico,  and  (3)  lodgepole  pine  (Pinus  con- 
torta  Dougl.)  in  Colorado  and  Wyoming.  It  is 
quite  easy  to  modify  the  program  for  use  with 
other  species.  The  changes  and  additions  needed 
are  explained  in  detail. 

TEVAP2was  written  in  standard  FORTRAN 
IV  and  tested  on  a  CDC  6400  computer.  In  addi- 
tion, it  was  run  on  a  Univac  1108.  Several 
FORTRAN  statements  were  modified  to  match 
the  rounding  operations  of  the  1108,  where 
proper  execution  by  a  CDC  6400  would  not  be 
affected. 


Purpose 

A  forest  operated  as  a  business  enterprise 
produces  more  than  wood,  forage,  and  other 
products.  It  is  a  prolific  source  of  treatment  and 
inventory  records,  reports,  plans,  maps,  and 
other  information.  As  with  other  businesses, 
efficient  information  processing  is  needed  so 
that  all  relevant  information  can  be  used  for 
decisionmaking. 


Procedures  for  analyzing  inventory  and 
other  data  and  reducing  them  to  summary  values 
useful  in  planning  have  been  available  for  many 
years.  These  procedures  have  long  provided  in- 
formation needed  for  management,  and  their 
validity  and  usefulness  usually  have  been  widely 
accepted.  There  are,  however,  important  defi- 
ciencies in  the  ways  data  have  been  handled 
and  in  the  conventional  methods  of  computation 
described  in  forest  management  texts.  Specif- 
ically, the  use  of  maps  and  overlays,  timber 
atlas  and  similar  records,  and  desk  calculators 
involve  such  difficulties  as  the  following: 

1.  There  is  usually  more  information  avail- 
able than  can  be  stored,  retrieved,  and  analyzed 
efficiently. 

2.  Maps,  photographs,  overlays,  and  tabu- 
lations of  numerical  data  freeze  the  information 
at  one  or  a  few  points  in  time.  Changes  in  re- 
corded information  in  response  to  changes  in 
the  forest  are  expensive  and  time  consuming. 

3.  Higher  offices  may  ask  for  information 
already  assembled  in  whole  or  in  part  for  a 
previous  report,  but  for  which  the  worksheets 
are  no  longer  available.  Such  requests  can  lead 
to  much  repetition  in  the  assembly  and  analysis 
of  data. 

4.  Information  gathered  for  a  specific  pur- 
pose may  be  placed  in  a  dead  file  after  im- 
mediate needs  are  met.  It  may,  however,  have 
future  value  in  management  and  decision- 
making, if  it  could  be  stored  and  relocated 
efficiently. 

5.  Timber  management  appears  to  proceed 
by  steps,  from  management  plan  to  management 
plan.  Standing  timber  can  and  should  be  ac- 
counted for  continuously,  however,  as  is  done 
for  products  entering  and  leaving  a  warehouse. 
There  is  danger  of  forgetting  that  a  productive 
forest  is  a  continuous,  dynamic  system. 

High-speed  computers  with  reasonably  large 
memory  capacity  provide  a  means  of  efficiently 
extracting  large  amounts  of  information  from 
an  accumulation  of  records.  Data  can  be  stored, 
retrieved,  aud  updated  with  relative  ease.  Com- 
putations, if  preplanned,  can  be  done  so  cheaply 
that  higher  offices  can  obtain  all  the  reports 
desired  without  disrupting  the  work  schedule  of 


local  managers.  There  is  no  need  to  depend  on 
plans  that  are  expected  to  apply  for  several 
years  despite  fires,  epidemics,  and  changes  in 
economic  conditions.  A  new  plan,  new  maps, 
new  cutting  budget,  and  a  new  work  schedule 
can  be  obtained  as  soon  as  recent  changes  in 
forest  conditions  have  been  recorded  in  the  data 
file. 

Program  TEVAP2  (Timber  Evaluation  And 
Planning),  described  herein  and  listed  in  appen- 
dix 1,  provides  a  means  of  obtaining  guidance 
quickly  from  a  large  volume  of  information.  It 
is  an  example  of  the  application  of  some  infor- 
mation handling  and  analysis  procedures  to 
forest  management.  The  program  was  developed 
around  relationships  that  apply  to  timber  pro- 
duction in  even-aged  stands  because  such 
relationships  were  available.  It  can  be  expanded, 
however,  to  include  forage  and  other  products 
and  timber  production  in  many-aged  stands  with- 
out change  in  the  basic  system. 

With  program  TEVAP2,  a  manager  can  ob- 
tain a  management  plan  whenever  he  wants  one. 
A  computer  run,  using  updated  records,  can  be 
made  each  winter  during  the  planning  period 
between  field  or  growing  seasons.  Because  large 
amounts  of  tedious  computations  and  analyses 
are  automated,  management  plans  need  not  be 
prepared  only  at  intervals  of  perhaps  10  years. 

The  term  management  plan,  as  used  here, 
refers  to  the  quantitative  section  of  a  conven- 
tional timber  management  plan.  This  material, 
in  the  form  produced  by  TEVAP2  and  in  the 
way  in  which  it  is  used,  is  perhaps  better  re- 
ferred to  as  a  management  guide.  Such  informa- 
tion, regardless  of  how  computed,  serves  as  a 
guide  or  aid  to  management  rather  than  as  a 
plan,  but  the  term  "plan"  has  been  used  for 
many  years.  Following  common  modern 
practice,  the  transportation  system  and  other 
general  details  can  best  be  described  in  a  report 
that  covers  the  entire  forest  and  provides  infor- 
mation common  to  all  resources.  The  output  of 
TEVAP2  is,  then,  a  specialized  chapter  to  be 
added  to  this  general  report. 

Programs  such  as  TEVAP2  produce  informa- 
tion that  can  be  used  for  more  purposes  than 
control  of  current  operations.  They  provide  input 
data  for  programs  that  simulate  operation  of  a 
forest  under  actual  conditions.  A  manager  can 
use  the  results  of  simulation  to  determine  which 
one  of  several  management  alternatives  will 
best  meet  his  objectives  (Chorafas  1965). 


Data  Handling  and  Management 

Forest  resource  records  are  assembled  from 
several  sources.  For  timber,  these  sources  are: 
(1)  periodic  forest  inventory,   (2)  job  reports 


prepared  at  the  completion  of  each  thinning 
planting,  sale,  or  other  cultural  operation,  (3; 
area  descriptions  written  after  each  fire  or  othei 
catastrophe,  and  (4)  stand  and  compartment 
analyses  made  as  funds  become  available.  Re 
suits  of  periodic  inventories  appear  in  manage 
ment  plans  prepared  after  each  inventory.  Jol 
reports  and  other  data  may  be  posted  on  thi 
maps  and  tables  of  a  timber  atlas  and  summar 
ized  in  annual  reports.  Although  procedure 
vary  among  forest  regions  and  classes  of  owner 
ship,  almost  every  item  of  information  is  usee 
at  some  step  in  management  and  decision 
making.  Several  operational  computer  program; 
for  the  analysis  of  periodic  inventories  illustrat 
how  well  the  development  of  computation  pro 
cedures  has  progressed. 

It  is  unusual,  however,  for  every  item  of  in 
formation  to  be  used  for  all  appropriat' 
purposes.  For  example,  an  individual  firerepor 
becomes  part  of  the  annual  report  on  losses  an 
suppression  costs.  It  may  then  go  to  the  pro 
tection  file  rather  than  to  be  processed  as  ai 
important  item  of  inventory  data. 

There  are  valid  reasons  why  the  maximun 
amount  of  information  may  not  be  extractei 
from  each  item  of  data.  Problems  related  ti 
storage  and  retrieval  are  frequently  of  grea 
importance.  These  include  the  size  of  recon 
files,  problems  of  assembling  the  data  for  us( 
and  reassignment  of  people  who  know  what  ha 
been  recorded  and  where  to  find  it. 

A  forest  manager  is  faced  with  other  infoii 
mation  problems  that  are  less  easily  solved 
There  is  little  value  in  pooling  records  unles 
they  can  be  updated  to  put  them  on  a  commoi 
time  base.  Also,  data  sufficient  for  a  particuli 
purpose  may  not  be  complete  enough  for  mor 
general  use.  A  report  on  a  thinning  job  ma; 
not  contain  sufficient  stand  or  site  data  to  pei 
mit  its  use  in  growth  projections. 

Procedures  used  in  TEVAP2  to  bypass  som 
of  the  problems  mentioned  above  are  based  oi 
availability  of  a  file  of  inventory  records  tha 
can  be  updated  as  needed.  This  file  contain 
stand  data  from  many  sources  such  as  Ian 
books,  job  reports,  and  inventories.  Stan 
descriptions  prepared  soon  after  thinning,  fir 
suppression,  or  other  activities  provide  excel! 
lent  up-to-date  inventory  data  and  are  used  a 
such.  Conventional  inventories  sample  parts  c 
a  forest  not  already  described  in  other  records 

Inventory  records   for  TEVAP2   are     sum 
maries  of  work  reports  and  of  conventional  ir 
ventory  records.  They  contain  the  specific  item  i 
needed  for  program  execution  plus  other  item 
useful  in  sorting  and  summarizing  the  records 
Overstory  and  understory  components  of  a  stani 
are  described  separately,  if  both  are  presen  . 
Computations  can  thus  be  made  for  stands  beinj 


regenerated  by  shelterwood  or  seed-tree 
systems.  Growth  can  also  be  estimated  for  the 
many  uneven-aged  stands  that  may  be  described 
mathematically  as  two  stands,  overstory  and 
understory. 

Data  used  by  TEVAP2  can  be  updated  by 
computer  once  the  basic  relationships  needed 
have  been  determined.  How  inventory  records 
may  be  updated  is  explained  in  appendix  4. 


Description  of  Program  TEVAP2 

Program  TEVAP2  consists  of:  (1)  a  main 
program,  (2)  16  subroutines  that  perform  oper- 
ations common  to  all  species  and  working 
groups,  and  (3)  a  variable  number  of  sub- 
routines, each  of  which  contains  all  the  species- 
specific  relationships  required  for  one  species. 
For  brevity,  the  program  listing  in  appendix  1 
includes  only  three  species-related  subroutines. 
Any  or  all  of  the  three  may  be  replaced  by 
following  the  instructions  in  the  section  headed 
Basic  Information  Used.  Alternatively,  any 
number  of  species-specific  subroutines  may  be 
added.  Three  subroutines  (MAPS,  AREAl,  and 
AREA2)  provide  alternative  ways  of  computing 
areas,  and  only  one  of  them  is  used  during  a 
single  run.  A  single,  complete  program  run 
thus  uses  the  main  program,  14  general  sub- 
routines, and  at  least  one  species-specific 
subroutine. 

Content  and  purpose  of  each  routine  are 
described  in  the  following  sections.  Variable 
names  are  defined  in  the  program  listing  in 
appendix  1  and  in  the  list  of  contents  of  the 
data  deck.  The  list  of  data  cards  (in  the  section 
"Data  Deck  for  TEVAP2")  also  reports  the 
number  of  cards  needed  and  the  sequence  in 
which  they  are  read.  An  example  of  an  applica- 
tion of  TEVAP2  (appendix  2)  further  explains 
the  program. 

Numbers  of  blocks,  working  groups,  site 
classes,  and  age  classes  that  can  be  accommo- 
dated are  limited  by  the  dimensions  assigned 
in  COMMON  and  DIMENSION  statements.  As 
listed  in  appendix  1,  each  type  of  subdivision 
has  a  different  number  of  units  so  the  dimen- 
sions and  loops  that  pertain  to  each  subdivision 
can  be  identified.  Restrictions  to  be  observed, 
unless  appropriate  changes  are  made,  are  as 
follows: 

1.  The  working  circle  may  be  subdivided 
into  one  to  seven  blocks.  A  block  may  be  an 
isolated  unit  of  the  working  circle  or  one  or 
more  basic  administrative  units,  such  as  Ranger 
Districts.  There  must  be  at  least  one  block  in 
the  working  circle  for  program  execution. 


2.  A  maximum  of  five  working  groups  may 
be  defined  without  program  modification.  A 
working  group  consists  of  stands  of  the  same 
forest  type  and  managed  under  the  same  silvi- 
cultural  system  (Chapman  1950).  It  may  some- 
times be  necessary  to  exclude  a  portion  of  the 
working  circle  from  allowable  cut  computations. 
At  the  same  time,  all  the  other  values  may  be 
needed  to  prepare  impact  statements  and  for 
other  use.  Examples  of  such  special  situations 
are  stands  on  areas  being  examined  for  possible 
wilderness  classification.  In  such  cases,  a  work- 
ing group  named  DEFERRED  can  be  created. 
Statements  are  already  in  TEVAP2  to  bypass 
DEFERRED  working  groups  in  computing 
allowable  cut  totals.  If  more  than  one  species 
is  involved,  the  excluded  working  groups  may 
be  named  DEFERREDl,  DEFERRED2,  etc.,  and 
the  area  where  they  occur  designated  as  a 
separate  block. 

3.  Provision  is  made  for  35  vegetative  or 
use  types.  As  used  for  the  example  in  appendix 
2,  they  are  as  follows: 

Types  1-  5  -  Five  broad  age  classes  within  the 
first  working  group. 

Types  6-10  -  Five  age  classes  within  the  second 
working  group. 

Types  11-15  -  Five  age  classes  within  the  third 
working  group. 

Types  16-20  -  Five  age  classes  within  the  fourth 
working  group. 

Types  21-25  -  Five  age  classes  within  the  fifth 
working  group. 

Type  26  -  Deforested  areas  covered  by  brush. 

Type  27  -  Deforested  areas  covered  by  grass. 

Type  28  -  Recreation  areas  not  included  in  com- 
putations of  volume  or  allowable  cut. 

Type  29  -  Rock  outcrops  and  other  areas  where 
plant  products   cannot   be  produced. 

Type  30  -  Areas  covered  by  brush  that  will  not 
be  converted  to  forest. 

Type  31  -  Areas  with  grasses  and  other  herba- 
ceous species  that  can  be  managed  for 
forage  production. 

Type  32  -  Areas  of  other  ownership. 

Type  33  -  Areas  included  in  cleared  rights-of- 
way  along  roads,  power  lines,  etc. 

Types  34-35  -  Available  for  assignment. 

4.  Stand  ages  may  be  grouped  into  15  or 
fewer  10-year  age  classes.  This  classification  is 
in  addition  to,  but  correlated  with,  the  use  of 
age  in  the  forest  type  definitions. 

5.  Ten-foot  site  index  classes  from  10  to 
140  are  used  to  group  various  volume  and  area 
data  by  productivity  classes. 

6.  Provision  is  made  for  up  to  30  subcom- 
partments  per  compartment.  This  specification 
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need  be  considered  only  if  subroutine  MAPS  is 
the  source  of  area  data.  Following  long-estab- 
lished practice,  a  compartment  is  the  smallest 
permanent  unit  and  is  useful  for  record  keeping. 
A  subcompartment  is  a  temporary  subdivision 
equivalent  to  a  stand,  and  is  an  area  reasonably 
uniform  in  such  characteristics  as  site  quality, 
stand  structure,  and  treatment  (Chapman  1950). 


Main  Program 

The  main  program  calls  13  subroutines  to 
execute  five  sets  of  operations  in  the  following 
order: 

1.  Read  values   of  control  variables   and 
initialize  variables  applicable  to  the  working 
circle. 

2.  Compute  area  totals  and  subtotals. 

3.  Compute  optimum  growing  stocks  and 
yields. 

4.  Compute  present  and  future  volumes, 
periodic  yields,  and  other  values  useful  in 
timber  management. 

5.  Summarize  computations  and  print  a 
timber  management  plan. 

TEVAP2  provides  three  alternatives  for  the 
second  set  of  operations,  computation  of  areas. 
One  alternative  (MAPS)  requires  complete  forest 
subdivision  plus  compartment  maps  on  punched 
cards  or  magnetic  tape.  Another  (AREA2)  re- 
quires only  a  knowledge  of  total  area  of  the 
working  circle  and  of  each  nontimber  vegetative 
or  use  type.  The  third  alternative  (AREAl)  rep- 
resents one  intermediate  possibility,  knowledge 
of  type  areas  by  compartments  but  with  sub- 
compartments  not  designated  or  mapped.  Anew 
routine  may  replace  any  of  the  three  examples 
if  still  another  level  of  information  is  of 
interest. 

Ten  subroutines  called  by  the  main  program 
and  one  routine  called  by  another  subroutine 
write  one  or  more  pages  each.  Pages  are  identi- 
fied by  a  type  number  such  as  "page  type  3," 
as  shown  in  appendix  2.  Each  type  number, 
except  type  5,  designates  a  specific  page  layout. 
Pages  are  not  numbered  consecutively  because 
page  requirements  will  vary  with  size  of  the 
working  circle,  number  of  working  groups,  and 
area  alternative  used.  The  last  three  pages 
printed  are  designated  types  1,  2,  and  3  since 
many  managers  prefer  that  summary  pages  be 
the  initial  pages  of  a  plan.  Pages  of  Z-fold 
paper  can  be  separated  and  placed  in  proper 
numerical  order.  Temporary  storage  on  scratch 
tapes  can  be  used  to  reorder  pages  for  output 
onto  film. 


Subroutine  BASIS 

BASIS  reads  data  card  types  one  to  eight 
(p.  12  )  to  enter  values  of  control  variables  that 
do  not  change  during  program  execution.  With 
many  variables,  a  value  is  entered  for  each 
working  group  of  the  working  circle.  Some 
variables  quantify  management  decisions  and 
economic  limitations.  These  include  frequency 
and  intensity  of  thinning,  rotation  lengths,  re- 
generation system,  and  minimum  volumes  for 
commercial  operations.  Other  variables  describe 
regeneration  goals  in  terms  of  the  average  stand 
diameter  and  number  of  trees  per  acre  expected 
at  time  of  the  first  thinning.  Goals  are  described 
for  each  site  class  of  each  working  group. 
Since  the  number  of  site  classes  may  not  be 
known  before  the  inventory  records  are  proc- 
essed, it  is  necessary  to  include  data  cards  of 
types  6  and  7  for  every  10-foot  site  class  from 
the  lowest  to  be  managed  in  the  working  group 
up  to  at  least  the  highest  expected.  The  last 
type  6  card  for  each  working  group  is  blank  to 
stop  further  reading  for  that  working  group, 
unless  class  140  is  represented  by  data  cards. 
A  blank  type  6  card  is  not  followed  by  a  type 
7  card. 

Values  to  be  assigned  to  the  control  var- 
iables can  be  obtained  from  analysis  of  past 
records,  measurements  on  temporary  plots,  and 
from  computer  simulations  that  permit  exam- 
ination of  alternatives  (Myers  1971,  1973). 

Several  of  the  values  read  by  BASIS  are 
printed  on  page  type  4  to  provide  a  partial 
record  of  the  control  variables. 


Subroutine  INIT 

INIT  is  called  by  the  main  program  to 
assign  an  initial  value  of  zero  to  many  sub- 
scripted and  unsubscripted  variables.  These 
variables  are  later  used  to  describe  major  sub- 
divisions of  the  working  circle  and  usually  appear 
in  several  subroutines. 


Subroutine  SCAN 

SCAN  executes  the  first  of  two  readings  of 
the  inventory  records  on  type  9  data  cards  or' 
card  images.  Totals  are  then  compiled  as  follows: 
(1)  number  of  records  by  block  and  type  (broad 
age  classes  within  a  working  group),  (2)  area  of 
each  cover  type  by  block  and  type,  (3)  non- 
stocked  areas  by  block  and  site  class,  (4)  area 
in  each  working  group  by  block  and  site  class, 
and  (5)  area,  by  block  and  type,  below  mini- 
mum site  class  for  management.  TEVAP2  will 


handle  inventory  records  with  or  without  a 
known  area  in  acres,  or  a  mixture  of  the  two. 
If  the  area  field  of  a  record  reports  an  acreage, 
the  data  describe  a  stand  of  that  size.  If  no 
area  is  given,  the  data  apply  to  an  inventory 
plot.  SCAN  sums  reported  areas  by  each  combi- 
nation of  subdivisions  listed  above.  Otherwise, 
numbers  of  plots  of  each  classification  are  ob- 
tained. Numbers  of  plots  are  converted  to 
equivalent  areas  by  later  subroutines. 

SCAN  determines  the  number  of  site  index 
classes  represented  in  the  inventory  records  of 
each  working  group.  Number  of  site  classes 
controls  the  number  of  yield  tables  produced  by 
YIELD.  Subroutine  YIELD,  in  turn,  computes 
overwood  volumes  and  their  growth  rates,  if 
seed  tree  or  shelterwood  systems  are  used. 
These  values  are  thus  available  when  needed 
for  processing  of  the  inventory  records  by  sub- 
routine GOT. 


Subroutine  MAPS 

Subroutine  MAPS  is  one  of  three  alternative 
routines  used  to  compute  areas.  Items  needed 
are  (1)  complete  forest  subdivision  to  the  sub- 
compartment,  and  (2)  compartment  maps  that 
show  types  and  subcompartments.  The  sequence 
of  operations  is  explained  by  COMMENT  state- 
ments in  the  program  listing  (appendix  1). 

MAPS  accepts  map  data  in  the  form  of 
arrays  of  map  codes  on  punch  cards  or  tape. 
These  are  labeled  card  types  12,  13,  and  14  in 
the  list  of  contents  of  the  data  deck.  The  form 
of  input  is  specified  by  assignment  of  logical 
unit  3  to  the  card  reader  or  to  a  tape  drive. 
Array  sizes,  related  DIMENSION  statements,  the 
system  of  map  codes,  and  the  area  represented 
by  one  square  of  the  map  grid  may  be  changed 
as  desired. 

Coding  of  types  (KTYP)  and  subcompart- 
ments  (KSUB)    follows   a   procedure   used  for 
demographic  and  other  studies.  In  the  example 
of  appendix  3,   each  section  of  640  acres  on  a 
forest  stand  map  was  subdivided  into  144  small 
squares.    Each    square   of  4.444   acres    (map  4 
inches  to   1  mile)  was  then  assigned  the  code 
number  of  the  predominant  type.  Portions  of 
sections  were  combined  to  reproduce  the  entire 
compartment.    Subcompartments    were    then 
S  designated  and  coded  on  the  basis  of  type  codes 
'  and    field    data.    In  the    forest    used    as    an 
i  example,  all  compartments  fit  into  squares  three 
sections  on  a  side,  and  could  be  represented  by 
■  arrays  of  36   by  36  2-digit  code  numbers.  One 
j  west-to-east  row  of  coding  occupied  the  first  72 
j  columns  of  a  punch  card.   As  many  cards  as 
I  necessary,  but  not  more  than  36,  were  punched 


to  complete  a  type  or  subcompartment  map  for 
a  compartment.  All  cards  were  run  through  an 
editing  program  to  locate  errors.  This  included 
a  check  that  each  subcompartment  contained 
only  one  type.  Corrected  maps  and  control  var- 
iables were  then  recorded  on  magnetic  tape, 
using  WRITE  statements  equivalent  to  the 
READ  statements  for  data  card  types  12, 
13,  and  14. 

The  mapping  procedure  used  is  intended  to 
illustrate  the  types  of  information  needed  and 
what  can  be  done  with  them.  In  actual  applica- 
tions, more  efficient  procedures  for  coding  and 
data  storage  may  be  available.  Hand  coding,  for 
example,  can  be  replaced  by  use  of  equipment 
that  reduces  map  areas  to  digitized  form.  Forest 
managers  can  obtain  procedural  guides  from  the 
many  applications  of  computer  graphics  to 
studies  of  urban  problems  and  land  use 
(Shahar  1970). 

MAPS  contains  the  only  machine-dependent 
operations  in  program  TEVAP2.  Map  code 
numerals  are  converted  to  display  code  so  blank 
areas  of  the  maps  will  not  be  filled  with  minus 
zeros.  Converted  numbers  are  then  printed  with 
R  format.  Program  statements  must  be  modified 
if  available  equipment  uses  a  different  display 
code  than  the  CDC  6400  used  to  test  the 
program. 

Two  pages,  types  5  and  6,  are  printed  by 
MAPS.  The  form  of  page  type  5  is  optional  and 
is  specified  by  the  value  read  initially  for  the 
variable  MAP  from  data  card  type  11.  Type  and 
subcompartment  maps  and  related  area  totals 
may  be  printed,  if  desired.  Two  pages  are  pro- 
duced per  compartment,  one  with  the  type  map 
and  one  with  the  subcompartment  map  (appen- 
dix 3).  Alternatively,  only  type  and  subcompart- 
ment areas  may  be  printed  (MAP  =  O).  Page 
type  6  reports  block  and  working  circle  totals, 
and  has  the  same  format  as  the  equivalent  page 
produced  by  AREAl  and  AREA2  (appendix  2). 

Type  and  subcompartment  boundaries  are 
continually  subject  to  change  according  to  the 
usual  rules  for  forest  subdivision  (Chapman 
1950).  The  map  file  must,  therefore,  be  updated 
prior  to  each  computer  run  with  subroutine 
MAPS.  Cultural  operations,  growth  into  the  next 
age  class,  and  fire  or  other  catastrophe  create 
need  for  recoding. 


Subroutine  AREAl 

Subroutine  AREAl  is  another  of  the  three 
alternative  routines  that  compute  areas.  It  is 
used  if  compartments  have  been  established  and 
if  type  areas  within  compartments  are  known. 
It  is  assumed  that  subcompartments  have  not 


been  established,  or  that  compartment  maps  are 
not  available.  AREAl  illustrates  one  possible 
situation  in  the  range  of  degrees  of  administra- 
tive complexity  between  the  limits  served  by 
MAPS  and  AREA2. 

Type  areas  by  compartment  — inputs  to  the 
subroutine  from  data  card  types  15  and  16  —  are 
summed  to  obtain  total  acres  by  working  group, 
by  block,  and  by  various  other  classifications  and 
combinations  thereof.  These  sums  are  stored  in 
unlabeled  COMMON  blocks  for  use  by  later 
routines.  COMMENT  statements  in  the  program 
listing,  appendix  1,  explain  the  operations 
involved. 

AREAl  prints  type  areas  of  each  compart- 
ment on  one  form  of  type  5  pages  (appendix  3) 
and  prints  a  type  6  page  to  report  block, 
working  group,  and  working  circle  totals.  The 
type  6  page  is  the  same  as  that  produced  by 
MAPS  and  AREA2  (appendix  2). 


Subroutine  AREA2 

Subroutine  AREA2  is  the  third  of  the 
routines  used  to  compute  areas  (appendix  1).  It 
is  used  if  compartments  have  not  been 
established,  or  if  type  areas  within  compartments 
are  not  known.  This  is  the  situation  assumed 
for  the  example  in  appendix  2.  Areas  of  blocks 
and  of  nonforest  types  are  read  from  data  card 
types  17  and  18. 

Type  areas  are  computed  from  total  produc- 
tion area,  including  nonstock ed,  and  inventory 
information  already  compiled  by  subroutine 
SCAN.  Areas  of  nonforest  types  and  of 
unregulated  stands  in  recreation  areas  are  sub- 
tracted from  working  circle  area  to  get  the  area 
available  for  timber  management.  Stands  of 
known  area  were  assigned  to  the  appropriate 
block  and  type  by  SCAN  and  are  now  sub- 
tracted from  equivalent  total  areas.  Remainder 
of  the  production  area  is  allocated  to  forest 
types,  by  block,  in  proportion  to  the  number  of 
inventory  records  without  area  from  each  type. 

Type,  working  group,  and  block  areas  are 
recorded  on  pages  type  5  and  6  (appendix  2). 


Subroutine  LAND 

LAND  completes  the  processing  of  the  areas 
of  blocks,  working  groups,  and  types.  Area  of 
the  working  circle  not  in  subcompartments  of 
known  area  is  computed  by:  (1)  working  group 
and  block,  and  (2)  block  and  type.  Total  area  of 
all  timber  types,  excluding  nonstocked,  and  the 
area  of  nonstocked  land  in  each  block  are  then 
computed. 


Acreages  not  in  subcompartments  of  known 
area  and  record  counts  made  by  SCAN  are  used 
to  complete  the  computations.  Nonstocked  area 
is  determined  for  each  site  class  of  each  block. 
Areas  of  each  site  class  in  each  block  and  work- 
ing group  are  then  computed. 

LAND  prints  page  type  7  as  a  record,  by 
site  class  and  block,  of  the  nonstocked  area  and 
the  area  in  each  working  group. 

Finally,  the  deforested  area  is  allocated  to 
working  groups  by  blocks  and  site  classes.  Each 
working  group  is  assigned  a  percentage  of  the 
deforested  area  equal  to  the  proportion  of  the 
area  of  the  working  group  to  total  timbered 
area.  These  adjusted  areas  are  later  used  to 
compute  optimum  growing  stocks  and  allowable 
cuts. 


Subroutine  GOAL 

Subroutine  GOAL  computes  the  optimum 
conditions  that  would  exist  if  all  stands  were 
thinned  on  schedule  to  a  specified  level,  with  a 
balanced  series  of  age  classes  already  estab- 
lished. Values  needed  to  make  these  computa- 
tions come  from  other  routines.  Management 
decisions  based  on  experience,  results  of  simula- 
tions, and  statements  of  policy  are  entered  by 
BASIS.  Acres  in  each  site  index  class  of  each 
working  group  are  computed  by  LAND  from 
area  data  and  the  inventory  file  read  by  SCAN. 

Most  computations  are  executed  once  for 
each  site  index  class  of  each  working  group. 
Major  operations,  in  the  order  performed  for  a 
site  class,  are  as  follows: 

1.  Subroutine  YIELD  is  called  to  compute 
and  print  a  yield  table. 

2.  Annual  volumes  per  acre,  computed  by 
YIELD,  are  printed  on  page  type  9.  These 
volumes,  in  board  feet  and  cubic  feet,  are  later 
summed  to  obtain  optimum  growing  stocks.  Re- 
cording the  volumes  on  page  type  9  preserves 
them  for  other  use  after  the  management  plan 
has  been  printed. 

3.  Mean  annual  increment  at  rotation  age 
is  computed  for  each  site  class  of  each  working 
group.  If  appropriate,  tree  felling  ages  do  not 
equal  rotation  ages  but  include  the  effects  of 
delays  in  obtaining  regeneration  and  the  period 
seed  trees  or  a  shelterwood  may  be  left  over 
the  new  crop.  Mean  annual  increments  com- 
puted from  yield  table  volumes  are  later  used 
as  "normal"  increments  in  application  of 
Heyer's  formula: 


E  =  WZ  -1- 


WV-NV 


where:  WZ  is  mean  annual  increment,  WV  is 
actual  growing  stock,  NV  is  normal  growing 
stock,  and  a  is  the  adjustment  period  (Burger 
1920). 

4.  GOAL  calculates  for  each  10-year  age 
class  the  number  of  acres  and  the  growing 
stock  resulting  from  a  balanced  series  of  age 
classes.  The  results  are  printed  on  page  type  10. 
Area  regulation  is  assumed  for  these  computa- 
tions; annual  cut  for  a  site  class  of  a  working 
group  is  area  divided  by  rotation  length.  Acres 
with  stands  of  zero  age  are  listed  as  such  if 
delays  in  regeneration  are  expected  with  clear- 
cutting.  Volumes  of  seed  trees  or  shelterwood 
are  included  in  appropriate  age  class  totals  if 
these  regeneration  systems  are  used.  Tables  of 
pages  type  10  in  appendix  2  show  examples  of 
working  groups  managed  by  shelterwood  and 
clearcut  systems. 

5.  Annual  cuts  that  might  be  obtained  with 
a  balanced  series  of  age  classes  and  optimum 
stand  densities  are  computed  for  each  working 
group.  Volumes  from  intermediate,  regenera- 
tion, and  final  cuts  are  not  combined  into  work- 
ing group  totals  until  subroutine  SUMRY  is 
called.  Volumes  of  final  cuts  result  from  the 
final  removal  of  overwood  with  seed  tree  or 
shelterwood  systems.   All  other  cuts  for  pur- 

1  poses  of  stand  regeneration,  including  clear- 
cutting,  are  classed  as  regeneration  cuts. 

After  processing  of  all  site  classes  is  com- 
jpleted,  GOAL  prints  a  record  of  optimum 
volumes  by  site  classes  on  page  type  11  and 
area  equivalents  in  standard  acres  on  page  type 
12.  One  page  of  each  type  is  produced  for  each 
working  group. 


Subroutine  YIELD 

YIELD  is  called  by  GOAL  to  compute  and 
print  a  yield  table  for  each  site  index  class  of 
each  working  group.  Prediction  equations  and 
other  relationships  needed  are  obtained  by  calls 
to  subroutines  CUTS  and  WORKGP.  Information 
used  is  described  in  the  section  headed  Basic 
Information  Used. 

A  yield  table  for  a  site  class  of  a  working 
group  incorporates  management  objectives  re- 
lating to  frequency  and  intensity  of  thinning 
and  other  matters.  It  serves  as  a  "normal"  or 
standard  for  stands  of  that  classification.  A  yield 
table  represents  the  goal  toward  which  opera- 
tions are  directed.  It  is  possible  to  produce 
imany  yield  tables  for  a  site  class,  which  empha- 
isizes  that  there  cannot  be  a  single  table  for 
managed  stands  of  a  species  and  site  class.  The 
term  "managed"  indicates  that  there  are  addi- 


tional variables  to  be  considered;  one  table  can- 
not account  for  all  the  possibilities.  Each  table 
is  useful  only  where  goals  and  management 
decisions  are  as  specified  for  its  computation. 

Details  of  field  work  and  computations 
needed  to  produce  yield  tables  have  been  pub- 
lished elsewhere  (Myers  1971,  Myers  et  al.  1971, 
Myers  et  al.  1972).  Subroutine  YIELD  is  most  of 
what  is  used  elsewhere  as  a  separate  program. 
The  yield  tables  are  printed  as  page  type  8. 

Volumes  per  acre  at  each  year  of  stand  age 
are  obtained  by  interpolation  between  yield 
table  values.  These  volumes,  in  board  feet  and 
cubic  feet,  are  printed  by  subroutine  GOAL. 

Additional  computations  are  performed  by 
YIELD  if  seed  tree  or  shelterwood  systems  are 
used  for  stand  regeneration.  Volumes  of  the 
residual  overwood  remaining  after  each  regen- 
eration cut,  in  board  feet  and  cubic  feet,  are 
obtained  from  the  yield  tables.  Growth  rate  of 
the  residual  overwood  during  the  period  it 
remains  standing  is  also  computed. 


Subroutine  CUTS 

Subroutine  CUTS  estimates  average  stand 
diameter  after  a  thinning  from  below  that 
includes  removal  of  occasional  larger  trees. 
Estimated  diameter  after  thinning  (DBHE)  is 
computed  from  diameter  before  thinning  and  the 
percentage  of  trees  to  be  retained.  Some  of  the 
relationships  used,  described  in  the  section 
headed  Basic  Information  Used,  are  contained 
in  the  species-specific  subroutines.  Successive 
percentages  of  retention  are  tested  until  d.b.h. 
after  thinning,  number  of  trees  retained,  and 
residual  basal  area  agree  with  the  growing  stock 
goal  specified  by  THIN(I)  or  DLEV(I).  Eachcall 
by  YIELD  or  GOT  is  preceded  by  a  statement 
that  specifies  the  thinning  level  (REST)  to  be 
used. 

Growing  stock  levels  specify  the  basal  area 
to  be  left  after  thinning  in  relation  to  average 
stand  diameter  (Myers  1971).  Definition  of 
several  levels  provides  for  alternative  thinning 
intensities.  Each  level  is  named  by  the  basal 
area  to  be  left  when  average  diameter  is  10.0 
inches  or  larger.  Residual  basal  area  increases 
with  stand  diameter  until  the  diameter  reaches 
10.0  inches.  Thereafter,  basal  area  remains  con- 
stant for  any  one  stocking  level.  Subroutine 
CUTS  therefore  has  two  iterative  loops  so  a  full 
range  of  diameters,  with  both  variable  and  con- 
stant basal  area,  may  be  accommodated.  Limiting 
d.b.h.  for  selection  of  loops  is  10.0  inches  minus 
the  smallest  change  expected  from  usual  thin- 
ning practice. 


Subroutine  WORKGP 

Subroutine  WORKGP  is  included  solely  to 
serve  as  a  switching  center.  Its  presence  permits 
TEVAP2  to  be  used  with  many  species  and 
working  groups,  and  for  all  species-specific  state- 
ments to  be  grouped  into  separate  subroutines 
for  convenient  program  modification.  WORKGP 
is  called  by  YIELD,  CUTS,  or  GOT,  as  needed. 
The  species  number  for  the  working  group, 
SPNUM(I),  is  used  by  WORKGP  to  call  the  ap- 
propriate set  of  species-specific  relationships. 
For  example,  if  SPNUM(I)  equals  one,  the  call 
will  be  to  subroutine  BHPP,  species-specific 
statements  for  Black  Hills  ponderosa  pine,  with 
the  program  organized  as  in  appendix  1. 

BASIS  reads  both  an  identifying  number  for 
each  working  group  and  a  number  for  the 
species  in  the  working  group.  This  combination 
permits  flexibility  in  silvicultural  specifications 
for  working  groups  without  lengthening  the 
program.  For  example,  part  of  the  area  of 
a  given  species  may  be  managed  for  wood  fiber 
with  two-cut  shelterwood  and  a  short  rotation 
if  high  intensity  recreation  use  is  not  a  factor. 
Elsewhere,  the  species  could  be  managed  with 
three-cut  shelterwood  and  a  longer  rotation  to 
provide  pleasing  variety  in  the  landscape.  The 
identification  procedure  used  in  TEVAP2  keeps 
data  from  the  two  working  groups  separate  at 
all  times.  By  assigning  the  same  species  number 
to  both  working  groups,  however,  only  one 
species-specific  subroutine  is  needed. 

For  brevity,  the  listing  of  WORKGP  in  ap- 
pendix 2  calls  only  three  species-specific  sub- 
routines, and  has  dummy  statements  for  two 
more.  Any  or  all  of  these  five  may  be  replaced 
by  calls  to  subroutines  that  contain  statements 
for  other  species.  The  GO  TO  statement  may  be 
expanded  to  provide  for  the  addition  of  many 
more  species-specific  subroutines  to  TEVAP2. 
One  copy  of  TEVAP2,  stored  in  one  computer, 
can  thus  serve  all  the  working  groups  and 
species  of  an  entire  region. 


Subroutine  GOT 

Subroutine  GOT  processes  the  set  of  inven- 
tory records  (data  card  type  9)  to  obtain  present 
and  future  volumes  and  other  values.  Controls 
described  in  the  following  paragraphs  apply  to 
all  computations. 

Inventory  records  have  a  number  in  the 
ACRE  field  if  the  tree  and  site  index  values  are 
amounts  per  acre  averaged  over  a  specific  stand. 
The  ACRE  field  has  a  blank  or  zero  if  the 
record  is  for  a  sample  plot  that  describes  a  por- 
tion of  the  ''unknown"  forest  area.  In  terms  of 
recent  National  Forest  inventories,  the  working 


circle  may  be  at  stage  one  (sampling  the  work- 
ing circle),  at  stage  two  (compartment  analysis), 
or  with  parts  of  the  working  circle  at  each 
level. 

Volume  computations  are  bypassed  for 
records  from:  (1)  deforested  areas,  (2)  areas 
below  minimum  site  index  for  management,  (3) 
trees  too  young  or  too  small  to  have  more  than 
a  few  merchantable  cubic  feet  per  acre,  and  (4) 
stands  below  minimum  age  for  inclusion  in 
growing  stock  totals.  With  these  exceptions, 
operations  performed  on  individual  inventory 
records  produce  the  following  values: 

1.  Present  basal  areas  and  volumes  per 
acre. 

2.  Basal  areas  and  volumes  at  the  end  of 
the  planning  period. 

3.  Growth  expected  during  the  next  plan- 
ning period,  in  cubic  feet  and  board  feet. 
Thinnings  are  computed  as  though  done  at  the 
beginning  and  end  of  the  period,  and  average 
growth  is  determined.  It  is  assumed  that  about 
equal  areas  will  be  thinned  each  year  of  the 
period. 

4.  Potential  yields  during  the  next  planning 
period  if  all  areas  are  treated  as  specified  by 
WORK  on  the  inventory  records.  Half  the  poten- 
tial growth  of  stands  to  be  cut  during  the 
period  is  added  to  potential  yields.  Volumes  are 
not  included  in  total  yields  if  they  are  less  than 
the  minimum  commercial  cuts  specified  by 
values  of  variables  COMBF(I)  and  COMCU(I). 

Two  variables  define  time  periods.  TIME  is 
the  number  of  years  in  a  planning  period.  It  is 
the  period  considered  in  assigning  the  WORK 
index  that  identifies  stands  in  need  of  treatment 
in  the  near  future.  Values  of  WORK  that  relate 
to  computations  in  GOT  are  defined  at  the  be- 
ginning of  appendix  1.  RINT(I)  is  the  number 
of  years  for  which  the  equations  predict  future 
d.b.h.,  height,  and  stand  density.  RINT(I)  may 
vary  among  working  groups.  TIME  must  be 
equal  to  or  a  multiple  of  RINT(I). 

Two  sets  of  volume  totals  are  maintained  for 
block,  age,  and  other  subdivisions  until  all  in- 
ventory records  are  processed.  One  set  reports 
volumes  of  stands  of  known  area.  Volumes  per 
acre  are  multiplied  by  area  to  obtain  stand  vol- 
umes for  addition  to  the  totals.  The  second  set 
reports  volumes  from  records  with  no  entry  for 
area  in  the  ACRE  field.  Volumes  per  acre  are 
summed  for  each  subdivision  specified  in  the 
program.  Final  volumes  are  totaled  by  sub- 
routine SUMS. 

Inventory  records  used  by  SCAN  and  GOT 

can  be  listed  according  to  the  work  to  be  per- 
formed (WORK)  and  the  fiscal  year  (FISC)  in 
which  it  is  scheduled.  This  listing  would  provide 


information  on  where  stands  to  be  treated  during 
the  next  management  period  are  located.  Such  a 
hst  is  not  made  by  TEVAP2,  but  could  be  pro- 
duced by  a  separate  run  of  the  inventory 
records.  Locations,  WORK  index,  and  fiscal  year 
appear  on  the  inventory  records  of  data  card 
type  9. 

Subroutine  SUMS 

Sums  completes  the  processing  of  volumes 
and  prints  a  record  of  the  computations.  For 
records  without  a  value  in  the  ACRE  field, 
SUMS  will:  (1)  compute  separately  for  each  block 
the  proportion  of  the  total  area  of  a  type  rep- 
resented by  one  sample  plot,  (2)use  this  area  to 
convert  the  sum  of  acre  volumes  to  actual  vol- 
umes of  that  portion  of  the  working  circle  with- 
out ACRE  records,  and  (3)  add  volume  totals, 
with  and  without  ACRE  records,  to  obtain  actual 
totals  for  various  subdivisions  of  the  working 
circle. 

Summaries  of  present  volumes  are  printed 
on  pages  type  13  and  14.  Working  circle  totals 
are  subdivided  by  blocks  and  timber  types.  Many 
computed  values  are  not  reported  at  this  point 
in  the  program,  but  are  printed  by  the  sub- 
routines described  below. 


Subroutine  SUMRY 

SUMRY  performs  several  operations: 

1.  Computes  differences  between  actual 
and  optimum  growing  stocks  for  each  age  class 
of  each  working  group. 

2.  Prints  page  type  3  as  a  record  of  actual 
and  optimum  growing  stocks  and  of  the  differ- 
ences between  them.  One  page  is  printed  for 
each  working  group. 

3.  Summarizes  the  number  of  acres  coded 
for  treatment  and  the  volumes  obtainable  from 
thinning,  regeneration  cutting,  and  other  oper- 
ations during  the  next  management  period. 

4.  Summarizes  the  annual  cuts  obtainable 
'ikvith  balanced  distribution  of  age  classes  (equal 

area  in  each  age  class)  and  optimum  growing 
stock.  Totals  are  obtained  for  each  working 
group  and  for  the  working  circle.  Totals  for  the 
working  circle  do  not  include  volumes  possible 
from  working  groups  named  DEFERRED. 

5.  Computes  the  annual  cuts  obtainable 
luring  the  next  management  period  if  all  opera- 
tions called  for  by  the  WORK  index  are 
oerformed. 

6.  Computes  annual  cut  by  Heyer's 
,'ormula.  Total  annual  cut  for  the  working  circle 
vill  not  include  any  amount  contributed  by  any 
\forking group  named  "DEFERRED."  It  is  thus 


possible  to  have  all  the  area  and  volume  infor- 
mation of  a  "deferred"  working  group  but  to 
omit  the  working  group  from  computations  .of 
allowable  cut. 


Subroutine  GIDEl 

Subroutine  GIDEl  prints  page  type  1  as  a 
summary  of  computations  made  by  the  entire 
program.  Major  items  of  page  type  1  are  the 
statements  of  the  allowable  cuts  computed  by 
SUMRY.  As  listed  in  appendix  1,  page  type  1 
contains  only  a  few  of  the  items  that  could  be 
assembled  on  summary  pages. 

TEVAP2  computes  and  reports  four  annual 
cuts,  as  examples  of  what  can  be  done  by  this 
or  similar  programs.  The  types  of  cut  are: 

1.  Idealized  cut  based  on  area  regulation 
and  a  balanced  series  of  age  classes.  Components 
of  this  cut  are  computed  by  GOAL  and  sum- 
marized by  SUMRY. 

2.  Potential  cut  if  all  operations  called  for 
by  the  WORK  index  are  performed,  without  re- 
gard to  other  restrictions.  Periodic  cuts  are  com- 
puted by  GOT  and  SUMS  and  converted  to 
annual  volumes  by  SUMRY. 

3.  Annual  cut  computed  with  the  modifica- 
tion of  Heyer's  formula  and  an  adjustment 
period  of  ADJ(I)  years.  Growing  stock  volumes 
computed  from  mean  annual  increment,  as  called 
for  by  the  formula  (Burger  1920),  are  not  used. 
Instead,  actual  and  optimum  growing  stocks 
computed  by  GOAL  and  SUMS  are  used  by 
SUMRY  to  compute  the  desired  values.  Initial 
term  of  the  formula  is  mean  annual  increment 
obtained  from  the  idealized  yield  tables  pro- 
duced by  YIELD. 

4.  Current  annual  cut  witharearegulation. 

Convenient  comparisons  of  annual  cuts  pro- 
vided by  page  type  1  suggest  another  use  of 
programs  such  as  TEVAP2.  They  can  be  used 
as  tools  for  research  on  the  principles  of  allow- 
able cut  determination.  For  example,  various 
modifications  of  the  Heyer  formula  would  yield 
quite  dissimilar  results.  Periodic  annual  incre- 
ments, PAIBD(I)  and  PAICU( I),  are  computed 
by  SUMS  for  use  in  such  comparisons. 


Subroutine  GIDE2 

GIDE2  prints  page  type  2,  a  summary  of  the 
potential  work  load  and  yield  for  the  next 
management  period.  Separate  values  are  printed 
for  each  combination  of  block,  cover  type,  and 
operation  to  be  performed.  Bases  for  the  values 


are  the  WORK  codes  in  the  inventory  records 
and  the  computations  performed  by  GOT  and 
SUMS.  If  all  entries  for  a  particular  operation 
would  be  zero,  no  record  of  that  type  of  opera- 
tion is  printed.  For  example,  no  inventory  record 
used  to  produce  appendix  2  has  a  WORK  code 
of  3.  No  statement  of  volumes  to  be  salvaged, 
therefore,  appears  on  page  type  2  of  any 
working  group.  Subroutine  GII)E2  does,  how- 
ever, contain  the  necessary  FORTRAN  state- 
ments to  print  a  salvage  record,  when  needed. 


Species-Specific  Subroutines 

The  listing  of  TEVAP2  in  appendix  1  con- 
tains three  species-specific  subroutines:  (1) 
BHPP  for  ponderosa  pine  in  the  Black  Hills  of 
South  Dakota  and  Wyoming,  (2)  LDGP  for  lodge- 
pole  pine  in  Colorado  and  Wyoming,  and  (3) 
SWPP  for  ponderosa  pine  in  Arizona  and  New 
Mexico.  As  explained  in  a  previous  section,  as 
many  more  species  as  desired  can  be  accom- 
modated. The  computed  GO  TO  in  subroutine 
WORKGP  must  be  expanded  as  far  as  necessary 
by  the  addition  of  more  species  numbers.  Each 
call  to  a  subroutine  is  labeled  with  the  appro- 
priate species  number,  SPNUM(I),  to  be  entered 
on  data  card  type  4.  Then,  a  new  subroutine  is 
added  to  TEVAP2  for  each  new  species,  corres- 
ponding to  the  calls  added  to  subroutine 
WORKGP.  There  will  be  no  need  for  changes  in 
subroutines  YIELD,  CUTS,  or  GOT  if  the  arrange- 
ment of  one  of  the  listed  routines  is  followed. 
Relationships  needed  are  described  in  the  section 
headed  Basic  Information  Used. 

Operations  performed  by  the  12  sections  of 
a  species-specific  subroutine  are  listed  in  order, 
below.  Any  section  needed  during  program 
execution  is  specified  by  assigning  a  value  to 
the  switching  variable  IJ  just  before  calling 
subroutine  WORKGP.  A  computed  GO  TO  at 
the  beginning  of  each  species-specific  subroutine 
then  selects  the  appropriate  section.  Some  sec- 
tions compute  values  of  only  one  variable; 
others  compute  values  of  several  variables  from 
a  series  of  species-specific  statements. 


3.  An  inventory  record  to  obtain  volume 
and  other  stand  measures  at  the  end  of  the  pro- 
jection period,  for  use  by  subroutine  GOT. 

4.  Future  volume  and  other  measures  of  an 
unthinned  understory,  from  all  appropriate  in- 
ventory records,  if  the  overstory  is  removed  at 
the  beginning  of  the  projection  period.  This  1 
section  is  called  from  GOT.  ' 

5.  Average  stand  d.b.h.  after  thinning  to 
any  specified  residual  percentage  of  trees.  Thin-   j 
nings  are  simulated  by  subroutine  CUTS,  which   I 
is  called  by  YIELD  and  GOT. 

6.  Merchantable  cubic  feet  obtainable  from 
tops  and  small  trees  as  a  byproduct  of  a  saw- 
log  cut,  for  subroutine  GOT. 

7.  Stand  volume  after  thinning  at  the  be- 
ginning of  the  management  period  and  after 
thinning  at  the  end  of  the  period.  These  values 
are  used  by  subroutine  GOT. 

8.  Volume  per  acre  and  other  measure- 
ments at  the  end  of  the  management  period,  of 
a  stand  thinned  at  the  start  of  the  period.  The 
section  is  called  from  GOT. 

9.  Average  height  of  dominant  and  co- 
dominant  trees  and  of  volume  in  cubic  feet, 
before  thinning,  for  YIELD. 

10.  Average  height  of  dominants  and  co- 
dominants  and  of  volume  in  cubic  feet,  after 
thinning.  This  computation  differs  from  section 
9  in  that  height  is  not  based  on  age  and  site 
index,  but  is  height  before  thinning  plus  an 
adjustment  to  show  the  effect  of  thinning.  The 
call  is  from  YIELD. 

11.  Average  stand  d.b.h.  at  the  end  of  the 
projection  period,  for  YIELD. 

12.  Mortality  during  the  projection  period 
as  a  percentage  of  the  number  of  live  trees  at 
the  beginning  of  the  period.  This  section  is 
called  by  YIELD. 

It  will  often  be  possible  to  use  single  equa- 
tions for  diameter  and  height  growth,  with  no 
distinction  between  "good"  stand  density  and  a 
wide  range  of  densities.  Single  equations  were 
not  used  for  the  species  represented  in  appendix 
1;  the  computations  in  TEVAP2  parallel  those  in 
other  available  management  tools  (Myers  1971, 
Myers  1973). 


The  numbered  sections  compute: 

1.  Total  cubic  feet  per  acre  in  the  overstory 
and  understory,  as  used  by  subroutine  GOT. 

2.  Factors  to  convert  total  cubic  feet  to 
other  units.  Factors  for  cubic  feet  to  a  4-inch 
top  and  for  board  feet  Scribner  Rule  are 
computed  by  the  subroutines  in  appendix  2.  This 
section  is  called  by  YIELD  and  GOT. 


Data  Deck  for  TEVAP2 

Eighteen  types  of  punch  cards  or  card 
images,  listed  below,  are  used  to  enter  initial 
values  of  variables  into  computer  memory.  In 
this  section,  the  word  "card"  may  refer  either 
to  a  standard  80-column  punch  card  or  to  a  card 
image  on  magnetic  tape.  Records  that  can  best 
be  handled  by  tape  are  identified  in  the  descrip- 
tions of  the  subroutines. 
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In  the  following  list,  type  numbers  with 
asterisks  designate  alternatives  (types  11  to  18, 
inclusive).  Only  two  to  four  of  these  types  need 
appear  in  the  data  deck  for  a  single  run  of  the 
program.  Basis  for  choice  is  the  area  subroutine 
(MAPS,  AREAl,  AREA2)  selected  for  call  by 
the  main  program.  All  cards  with  type  numbers 
not  followed  by  asterisks  must  be  included  in 
the  data  deck  so  READ  statements  will  be 
executed  properly.  Data  cards  are  read  in  order 
of  type  numbers  with  three  exceptions:  (1)  card 
type  9  is  read  twice,  (2)  as  many  sets  of  card 
types  4,  5,  6,  and  7  are  read  as  there  are 
working  groups  in  the  working  circle,  and  (3) 
unneeded  cards  of  optional  types  11  to  18  are 
omitted. 

Card  types  1  to  8,  inclusive  are  read  by 
BASIS.  Types  1,  3,  and  8  consist  of  one  card 
each;  type  2  consists  of  5  cards.  One  card  each 
of  types  4  and  5  must  be  provided  for  each 
working  group.  Up  to  14  cards  each  of  types  6 
and  7  must  be  added  to  the  data  deck  for  each 
working  group.  There  must  be  one  set  of  types 
6  and  7  for  each  10-foot  site  index  class  of  each 
working  group,  from  POOR(I)  to  at  least  the 
highest  site  class  expected.  The  last  card  of 
these  6-7  sets  must  be  a  blank  type  6  card  if 
not  all  site  classes  through  140  are  represented 
by  data  cards. 

With  two  working  groups,  the  sequence  of 
cards  read  by  BASIS  would  be: 

1.  One  card  type  1. 

2.  Five  cards  type  2. 

3.  One  card  type  3. 

4.  One  card  type  4  for  working  group  1. 

5.  One  card  type  5  for  working  group  1. 

6.  One  card  type  6  for  site  class  POOR(l)  of 
working  group  1. 

7.  One  card  type  7  for  site  class  POOR(l)  of 
working  group  1. 

8.  Alternate  single  cards  of  types  6  and  7  for 
additional  site  classes  of  working  group  1. 
Last  card  is  a  blank  type  6  if  not  all  site 
classes  through  140  are  represented. 

9.  One  card  type  4  for  working  group  2. 

10.  One  card  type  5  for  working  group  2. 

11.  One  card  type  6  for  site  class  P00R(2)  of 
working  group  2. 

12.  One  card  type  7  for  site  class  P00R(2)  of 
working  group  2. 


13.  Alternate  single  cards  of  types  6  and  7  for 
additional  site  classes  of  working  group  2. 
Last  card  is  a  blank  type  6  if  not  all  site 
classes  through  140  are  represented. 

14.  One  card  type  8. 

Subroutine  SCAN  reads  card  types  9  and  10 
after  BASIS  has  read  card  type  8.  Types  9  and 

10  will  be  read  again  later  in  the  program.  A 
REWIND  command  is  in  SCAN  for  use  if  the 
inventory  records  are  on  magnetic  tape. 

Subroutine  MAPS,  if  used,  reads  card  types 

11  to  14,  inclusive.  One  card  of  type  11  is 
needed  to  enter  values  that  apply  to  all  com- 
partments. A  set  of  cards  for  one  compartment 
consists  of  type  12  (one  card),  type  13  (up  to  36 
cards),  and  type  14  (up  to  36  cards).  These  sets 
are  read  in  the  sequence  12,  13,  14,  12,  13,  14, 
etc.  until  the  number  of  sets  or  compartments 
(NCMP)  on  card  type  3  has  been  processed. 

AREAl,  if  used,  reads  card  types  15  and  16. 
A  set  of  cards  for  one  compartment  consists  of 
one  card  of  type  15  and  the  four  cards  that 
make  up  type  16.  Sets  are  read  in  the  sequence 

15.  16,  15,  16,  etc.  until  the  number  of  sets  or 
compartments  (NCMP)  on  card  type  3  has  been 
processed. 

Subroutine  AREA2,  if  used,  reads  card  types 
17  and  18.  First,  one  card  of  type  17  with  one 
to  seven  block  areas  is  read.  Areas  are  in  the 
order:  block  1,  block  2,  etc.,  to  block  7.  One 
card  of  type  18  is  then  read  for  each  entry  on 
card  type  17.  Cards  of  type  18  must  be  arranged 
in  the  order  block  1,  block  2,  and  so  forth,  up 
to  the  highest  block  number  needed,  to  match 
the  order  in  which  block  areas  will  be  read 
from  card  type  17. 

GOT  reads  card  types  9  and  10,  the 
inventory  records  already  read  once  by  sub- 
routine SCAN.  The  number  of  cards  or  card 
images  of  type  9  is  determined  by  the  number 
of  inventory  plots  measured  and /or  by  the 
number  of  subcompartments  for  which  inventory 
data  are  known.  To  avoid  counting  of  inventory 
records  prior  to  program  execution,  a  record 
(type  10)  with  99  punched  for  block  number 
follows  the  type  9  records.  This  terminates  proc- 
essing of  the  inventory  and  moves  control  to 
another  subroutine.  Fields  forKOMP,ISUB,and 
ACRE  on  an  inventory  record  will  be  blank 
when  the  forest  is  not  completely  subdivided  or 
subdivisions  are  not  used  for  the  record. 
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Card 
tvpe_ 


Read 
BASIS 


No.  of 
cards 


Variable 
name 


Columns 


Format 


Description  of  variable 


BASIS 


BASIS 


BASIS 


1  ner 

working 

oroun 


OPTION 

ICT9 

FORET(I) 
TYPN?I(I,J) 

NBK 

NCMP 

NWGP 
MIN 

BFMRCH 

TIME 

WGPNTld,.!) 

WGNIJM  (I ) 
THIN  (I) 
DLEVd) 
POOR (I) 
COMBF(I) 


1-5 


7-80 


1-80 


1-4 


5-£ 


9-12 


13-16 


17-20 


21-24 


1-12 


13-17 


18-21 


22-25 


26-29 


30-33 


A5 

II 

18A4,A2 
8(5A2) 

14 

14 

14 
14 

F4.2 

F4.2 
3A4 

F5.0 
F4.1 
F4.1 
F4.1 
F4.1 


Name  of  area  subroutine 
(MAPS,  AREAl,  AREA2)  to 
be  used. 

Number  of  logical  unit 
for  input  of  inventory 
records . 

Name  of  the  forest  or 
working  circle. 

Brief  name  for  each 
vegetative  or  use  type, 
ten  characters  each. 

Number  of  blocks  in 
working  circle.   Must 
be  at  least  one. 

Number  of  compartments 
in  working  circle. 
Zero  with  AREA2 . 

Number  of  working  groups" 
in  the  working  circle. 

Minimum  age  for  inclu- 
sion of  stand  volume  in 
gro;i7ing  stock. 

Minimum  M  bd.  ft.  per 
acre  for  inclusion  in 
growing  stock. 

Number  of  years  in 
planning  period. 

Name  of  working  group  I, 
preferably  from  a  stand- 
ard list  of  working 
groups . 


Standardized  number  of 
the  working  group  named 
above. 


I 


t 


Growing  stock  level  for 
initial  thinning  in  work- 
ing group  I .  m\ 

Growing  stock  level  for 
cuts  after  initial  thin- 
ning, working  group  I. 

Minimum  site  index  to  be 
managed  for  timber,  work- 
ing group  I. 

Minimum  commercial  cut  in 
M  bd.  ft.  per  acre,  work- 
ing group  I . 
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Card 

type 


Read 

by 


No.  of 
cards 


Variable 
name 


Columns 


Format 


Description  of  variable 


COMCU(I) 


ADJ(I) 


DELAY (I) 


RINT(I) 


CUCY(I) 


SPNUM(I) 


34-38 


39-A2 


A3-A6 


47-50 


51-54 


55-58 


BASIS 


BASIS 


1  per 

working 

group 

up  to  14 
per  work- 
ing group 


WGPDES(I,J) 


REGN(I,1,J) 


1-80 


1-4 


VLLV(I,1,J) 


5-10 


INVL(I,1,J) 


11-13 


F5.2 


F4.1 


F4.1 


F4.1 


F4.1 


F4.0 


20A4 


F4.0 


F6.3 


13 


Minimum  commercial  cut  in 
hundreds  of  cu.  ft.  per 
acre,  working  group  I. 

Length  of  period  of  ad- 
justment in  allowable 
cut  formula,  working 
group  I. 

Years  between  clearcut- 
ting,  if  used,  and  re- 
generation; working 
group  I . 

Number  of  years  for 
which  the  equations  pre- 
dict growth,  working 
group  I . 

Years  between  inter- 
mediate cuts,  working 
group  I. 

Number  assigned  to  a 
species  of  working 
group  I  so  appropriate 
set  of  species-specific 
relationships  can  be 
called.   One  of  the  num- 
bers in  computed  GO  TO 
of  SUBROUTINE  WORKGP . 

Statement  of  regenera- 
tion system,  etc.  used 
for  working  group  I . 

Stand  age  at  which  first 
regeneration  cut  will 
occur  in  working  group 
I,  site  class  J.   Never 
zero  or  blank,  as  this 
is  rotation  length  for 
clearcutting . 

Percentage  of  previous 
growing  stock  level  to 
be  left  at  first  regen- 
eration cut  in  working 
group  I,  site  class  J. 
Enter  zero  for  clear- 
cutting. 

New  interval  between 
cuts  in  effect  after 
first  regeneration  cut 
in  working  group  I, 
site  class  J.  Enter 
zero  for  clearcutting. 
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Card 


Read 

_hy_ 


No.  of 
cards 


Variable 
name 


Tolumns 


REGN(I,2,J)     14-17 


Format 


F4.0 


Description  of  variable 

Stand  age  at  which 
second  regeneration  cut 
if  any,  will  occur.   Re- 
moval of  seed  trees  or 
second  cut  of  shelter- 
wood.   Working  group  I, 
site  class  J. 


VLLV(I,2,J)     18-23 


F6.3 


INVL(I,2,J)     24-26 


BASIS 


UD  to  14 
per  work- 
ing group 


REGN(I,3,J) 


AGETH(I,J) 


27-30 


1-5 


DENTH(I,J) 


6-10 


DBHTH(I,J)       11-15 


BASIS 


SCAN 
GOT 


1  ner 
plot  or 
subcomp. 


DATE (I) 


IBK 


KOriP 


ISUB 


1-24 


1-2 


3-6 


7-9 


13 


F4.0 


F5.1 


F5.1 


F5.1 


6A4 


12 


14 


13 


Percentage  of  previous 
growing  stock  level  to 
be  left  at  second  regen- 
eration cut,  working 
group  I,  site  class  J. 
Previous  level  includes 
effect  of  VLLV(I,1,J) . 
Enter  zero  if  no  third 
cut . 

New  interval  between 
cuts  in  effect  after 
second  regeneration  cut 
in  working  group  I,  site 
class  J.   Enter  zero  if 
no  third  cut. 

Stand  age  at  which  third 
regeneration  cut,  if  any 
will  occur,  working  grou- 
I,  site  class  J.   Final 
cut  of  3-cut  shelterwood 

Initial  age  in  yield 
table  for  working  group 
I,  site  class  J.   Age  at 
which  first  thinning  wll 
be  done. 

Number  of  trees  per  acre 
exoected  Just  before 
thinning  at  age  AGETH 
(I, J).   Working  group  I, 
site  class  J. 


tl 


Average  stand  d.b.h.  ex-< 
pected  at  age  AGETH (I W' 
with  density  DENTH(I,J) 
Working  groun  I,  site 
class  J. 

Date  of  most  recent 
changes  in  data  files. 

Block  number.   Must  be 
at  least  one  block  in 
working  circle. 

Compartment  number. 
Enter  only  if  applicable 

Sub compartment  number. 
Enter  only  if  applicable 
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Card       Read       No.  of       Variable 
type b^ cards name 


QTRl 


QTR2 


SECT 


Columns 


10-12 


13-15 


16-18 


Format 


A3 


A3 


A3 


Description  of  variable 


Location  in  k,  h,   of  pub- 
lic land  survey.   Re- 
place columns  10-26 
with  other  location  data, 
where  appropriate. 

Location  in  h  section  of 
public  land  survey.  See 
description  of  QTRl. 

Section  in  which  inven- 
tory plot  or  largest 
part  of  compartment  is 
located.   See  descrip- 
tion of  QTRl. 


TO\m 


19-22 


A4 


Township  location  of  the 
section.   See  description 
of  QTRl. 


RANG 


23-26 


A4 


Range  location  of  the 
section.   See  descrip- 
tion of  QTRl. 


SITE 


27-29 


F3.0 


Average  site  index  of 
the  plot  or  subcompart- 
ment . 


STRY 


NTYP 


WORK 


FISC 


DBH(l) 


30 


31-32 


33 


3A-37 


38-40 


Fi.n 


12 


Fl.O 


FA.O 


F3.1 


Indicates  wliether  type 
is  based  on  overs tory 
(blank)  or  on  under- 
story  (1). 

Vegetative  or  use  type 
of  the  plot  or  subcom- 
partment.  Number  from 
list  on  page  type  5  of 
output  in  Appendix  2. 

Code  number  of  treat- 
ment needed  during  plan- 
ning period,  as  shown 
in  definitions  of  vari- 
ables in  Appendix  1. 

Year  in  which  treatment 
coded  in  WORK  field  is 
to  be  accomplished.   For 
use  in  listing  work,  loads 
with  other  computer  pro- 
grams . 

Average  d.b.h.  of  the 
overstory  trees. 


HT(1) 


DEN(l) 


A1-A3 


4A-48 


F3.0 


F5.0 


Average  height  of  domi- 
nant and  codominant 
overstory  trees. 

Number  of  overstory 
trees  per  acre. 
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Card 

type 


Read 


No.  of 
cards 


Variable 
name 


Columns 


Format 


Descriotion  of  variable 


AGR(l) 

DMR(l) 
DBH(2) 
HT(2) 

DEN  (2) 
AGE (2) 
DMR(2) 
ACRE 


49-51 


52-53 


54-56 


57-59 


60-64 


65-67 


68-69 


70-74 


F3.0 


F2.1 


F3.1 


F3.0 


F5.0 


F3.0 


F2.1 


F5.1 


Average  age  of  over- 
story  trees. 

Dwarf  mistletoe  rating 
of  overstorv  trees. 

Average  d.b.h.  of  the 
understory  trees. 

Average  height  of 
potential  dominants 
and  codominants  in  the 
understory. 

Number  of  understory 
trees  per  acre. 

Average  age  of  under- 
story trees. 

Dv7arf  mistletoe    rating 
of    the   understory    trees, 

Area  of  the  subcompart- 
ment  described.   Leave 
blank  if  data  refer  to 
plot,  not  stand,  meas- 
urements . 


10 


11* 


SCAN 
GOT 

MAPS 


12* 


MAPS 


1  oer 
comp . 


13* 


MAPS 


NROW 

ner 

como. 


WHEN  75-78        F4.0         Year  of  first  growing 

season  after  inventory 
record  was  made.   For 
use  in  updating  with 
PROGRA.M  CROW. 

(Punch  99  in  first  t\^ro  columns  to  stop  reading  of  tyne  9  records.) 


MAP 


SCALE 


KBK 


KOrfP 


NROW 


KTYP(I,J) 


1-4 


5-10 


1-4 


5-8 


9-12 


1-72 


14 


r6.4 


14 


14 


14 


3612 


Index  to  print  (1)  or  to 
omit  (0)  comnartment 
maps  . 

Acres  represented  bv  one 
code  number  on  a  compart- 
ment man. 

Number  of  block  in  which 
the  comnartment  is 
located . 

Number  of  the  comnart- 
ment being  nrocesscd. 

Number  of  rows  of  map 
symbols  in  the  compart- 
ment man. 

Type  numbers  in  compart- 
ment type  map. 
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Card 

Read 

No.    of 

Vari 

abl 

e 

type 

by 

cards 

name 

Columns 

Format 

nes( 

2ription  of 
:ompartment 

variable 

14* 

MAPS 

MROW 

KSl'B 

(T, 

.1) 

1- 

-72 

36X2 

Sub( 

numbers 

rjp.r 

in  ( 

compartment 

map   of 

conr) . 

the 

subcompartments . 

15* 

AREAl 

1   per 

KBK 

1- 

-4 

14 

number   of   block 

.    in  whicV 

coinp. 

the 

compartment 

.   is 

KO-IP 


5-8 


14 


16* 

AUEAl 

A   per 
comp . 

ARETY(I) 

1-80 

10F3. 

17* 

AHRA2 

1 

ARBK(I) 

1-56 

7r8.1 

13* 

AREA2 

1   ner 
block 

SARETY(I,J) 

1-64 

8F8.1 

located . 

Number  of  the  compart- 
ment being  processed. 

Acres  of  type  I  in  the 
compartment  being  proc- 
essed 

Acres  in  block  I . 

Acres  of  nontlmber 
tvpe  J  in  block  I. 


Basic  Information  Used 

Tabulations  and  explanations  that  follow 
describe  the  relationships  to  be  determined 
locally  to  adapt  TEVAP2  to  other  species  or 
conditions.  The  first  relationships  appear  as 
FORTRAN  statements  in  subroutines  CUTS  and 
GOT;  the  remainder  are  part  of  the  species- 
specific  subroutines.  Descriptions  of  the  rela- 
tionships include  explanations  of  the  program 
variables  and  related  FORTRAN  statements  in- 
volved. Tabulations  include  only  enough  entries 
to  explain  the  nature  of  the  information  needed; 
they  do  not  indicate  sample  sizes  or  desirable 
ranges  of  data.  Methods  used  to  determine  the 
relationships  are  found  in  standard  mensuration 
texts  and  elsewhere  (Myers  1971). 


1.     Stand   density    after  partial   cutting.  — 

Some  relationships  are  based  on  the  basal  area 
|to  be  left  after  cutting  for  various  average 
stand  diameters.  These  relationships  control 
amount  of  the  reserve  stand  left  after  inter- 
mediate or  partial  regeneration  cutting,  once 
!thIN(I)  and  DLEV(I)  have  been  specified  by 
the  program  user.  Data  needed  take  the  following 
form: 


Average  stand 

d.b.h.  after 

cutting 

(inches) 

Basal 
area 
per 
acre 

Average  stand 

d.b.h.  after 

cutting 

(inches) 

Basal 
area 
per 
acre 

Sq.  Ft. 


Sq.  Ft. 


2.0 

12.1 

6.4 

60.3 

2.4 

16.7 

6.8 

63.8 

2.8 

21.3 

7.2 

67.0 

3.2 

26.0 

7.6 

69.9 

3.6 

30.6 

8.0 

72.5 

4.0 

35.2 

8.4 

74.8 

4.4 

39.9 

8.8 

76.7 

4.8 

44.5 

9.2 

78.2 

5.2 

48.8 

9.6 

79.3 

5.6 

52.8 

10.0+ 

80.0 

6.0 

56.6 

Values  in  this  tabulation  represent  a  few 
points  on  one  of  a  family  of  curves  (Myers 
1971).  Reserve  basal  area  increases  with  average 
stand  d.b.h.  until  10.0  inches  is  reached.  There- 
after, reserve   basal   area  remains  constant  for 
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any  one  growing  stock  level.  In  the  tabulation, 
constant  basal  area  is  80.0  square  feet  per  acre, 
and  the  values  represent  growing  stock  level  80. 
Other  levels  are  named  similarly.  Thus,  if 
THIN(I)  or  DLEV(I)  is  100,  basal  area  at  any 
d.b.h.  below  10.0  inches  is  the  basal  area  for 
level  80  multiplied  by  100/80.  If  d.b.h.  is  greater 
than  10.0  inches,  retained  basal  areaisDLEV(I). 
Several  statements  in  subroutine  CUTS  are 
derived  from  basal  area  values  for  level  80. 
Basal  areas  computed  by  them  are  multiplied  by 
terms  including  THIN(I)  or  DLEV(I),  redefined 
as  REST,  to  provide  for  a  range  of  possible 
growing  stock  levels.  Variables  defined  by  the 
statements  and  their  use,  are: 

a.  DBHP  — to  find  a  d.b.h.  less  than  10.0 
inches  when  basal  area  is  known.  Three  equa- 
tions for  DBHP  aie  used  to  simplify  representa- 
tion of  the  nonlinear  relationship  between 
d.b.h.  and  basal  area. 

b.  BREAK  and  BUST  — to  compute  values 
of  basal  area  that  are  the  upper  limits  of  appli- 
cability of  the  first  two  equations  for  DBHP. 

c.  SQFT  — tofind  basal  area  when  d.b.h.  is 
known.  Two  equations  represent  the  nonlinear 
relationship  for  d.b.h.  less  than  10.0  inches. 

Two  equations  used  to  compute  LEVL  in 
subroutine  GOT  include  the  equations  for  SQFT. 
They  give  the  equivalent  growing  stock  level 
when  average  d.b.h.  and  basal  area  are  known. 

2.  Total  cubic  feet  per  acre,  — Stand 
volumes  in  total  cubic  feet  are  computed  with 
stand  volume  equations.  As  listed  in  appendix 
1,  cubic  volume  is  determined  from:  (1)  basal 
area  per  acre,  (2)  average  height  of  dominant 
and  codominant  trees,  (3)  average  stand  d.b.h., 
and  (4)  number  of  trees  per  acre. 

Plot  tallies  of  tree  diameters  and  heights  are 
converted  to  volumes  per  acre  in  total  cubic 
feet  and  to  basal  areas  and  other  values  used 
as  independent  variables.  Stand  volume  equa- 
tions are  then  obtained  by  regression  analysis. 
Total  cubic  volume  per  acre  from  ground  line 
to  tip  of  all  trees  more  than  4.5  feet  tall  is  the 
only  volume  computed  directly  by  TEVAP2. 
Volumes  in  other  units  are  obtained  by  use  of 
conversion  factors. 

Values  of  six  variables  in  each  species- 
specific  subroutine  are  obtained  from  the  same 
regression  coefficients:  (1)  TOT(IK)  in  section 
1,  (2)FVL(I)  in  section  3  and  FVL(l)  in  section 
8,  (3)  VLUS  in  section  4,  (4)  TVL(IK)  in  sec- 
tion 7,  (5)  TOTO  in  section  9,  and  (6)  TOTT  in 
section  10.  Two  statements  are  used  for  each 
variable  because  the  relationship  is  not  linear 
over  the  ranges  of  D  H  that  may  appear  in 
computations  of  inventory  data. 


3.    Conversion  of  total  cubic  feet  to  other 

units. —  Volumes  are  first  computed  in  total 
cubic  feet  per  acre,  as  described  above.  They 
are  then  converted  to  other  units  with  factors 
computed  by  section  2  of  each  species-specific 
subroutine.  The  second  column,  below,  shows 
some  of  the  ratios  used  to  obtain  equations  for 
FCTR(I)  in  subroutine  BHPP.  The  third  column 
shows  ratios  used  to  compute  PROD(I)  for 
BHPP. 


Average 

Merchantable  cubic 

Board  feet 

stand  d.b.h. 

feet  -7-  total 

-r  total 

(Inches) 

cubic  feet 

cubic  feet 

5.1 

0.355 

6.0 

.552 

6.9 

.725 

-  - 

8.3 

.860 

0.99 

9.1 

.901 

1.55 

10.3 

.931 

2.38 

19.0 

.962 

5.33 

23.4 

.969 

5.88 

Utilization  standards  are  given  in  COMMENT 
statements  of  section  2  of  each  species-specific 
subroutine.  Other  conversions  could  be  added, 
such  as  those  based  on  tree  contents  in  square 
feet  of  veneer  or  in  pounds  of  wood  (Myers 
1960). 

Volume  or  weight  per  acre  of  numerous  plots 
are  determined  in  units  of  interest  and  in  total 
cubic  feet.  Selection  of  appropriate  units  in- 
cludes choice  of  minimum  merchantable  top 
diameter.  The  quantity  of  each  unit  per  total 
cubic  foot  is  determined  separately  for  each  plot. 
Regression  analysis  is  used  to  obtain  coefficients 
for  computing  the  factors  when  average  stand 
diameter  and  basal  area  are  known.  Minimum 
average  diameters  are  specified  for  each  factor 
in  TEVAP2.  Variability  is  so  gi'eat  with  small 
diameters  that  the  results  serve  no  useful 
purpose. 

Each  call  to  section  2  of  a  species-specific 
subroutine  is  preceded  by  specification  of  the 
number  of  values  of  each  factor  needed  and  by 
the  average  diameter  to  be  used.  It  is  thus 
possible  to  keep  separate  such  paired  require- 
ments as  present  and  future  stand  and  overstory 
and  understory. 

4.  Future  average  stand  d.b.h.  with  wide 
range  of  stand  density.  —  Regression  analysis  is 
performed  on  stand  data  obtained  on  temporary 
and  or  permanent  plots  that  cover  a  wide  range 
of  stand  densities,  site  indexes,  etc.  Average 
stand  d.b.h.  in  10  years  is  expressed  as  a 
function    of  several  readily  measured    stand 
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variables.  For  the  species  named  in  appendix  1, 
the  following  were  significant  independent 
variables:  present  average  d.b.h.,  average  height 
of  dominants  and  codominants,  basal  area,  and 
site  index. 

The  relationship  appears  in  two  places  in 
each  species-specific  subroutine:  (1)  FDM(I)  in 
section  3,  and  (2)  DMUS  in  section  4.  Else- 
where, future  average  d.b.h.  is  estimated  with 
an  equation  developed  from  data  from  stands  at 
or  near  densities  that  could  be  objectives  of 
management. 

5.  Noncatastrophic    mortality. —  Normal 

mortality  may  be  important  in  unthinned  stands, 
but  minor  and  erratic  in  thinned  stands.  Such 
was  the  case  with  the  species  represented  by 
subroutines  in  appendix  1.  No  pattern  of  mor- 
tality could  be  found  in  stands  with  an  average 
d.b.h.  of  10.0  inches  or  larger. 

Data  for  the  mortality  equation  come  from 
two  sources: 

a.  Permanent  plots  that  have  been 
measured  at  least  as  frequently  as  the  prediction 
period  to  be  used. 

b.  Temporary  plots  that  have  not  been 
partially  cut  for  a  number  of  years  equal  to  the 
prediction  period.  Trees  dead  at  time  of  treat- 
ment must  have  been  felled  or  marked  at  that 
time. 

For  species  used  as  examples,  percentage 
reduction  in  number  of  trees  was  expressed  as 
a  function  of  average  d.b.h.  and  basal  area, 
both  at  the  beginning  of  the  period. 

Future  stand  density  is  computed  as  FDN(I) 
in  section  3,  as  FDN(l)  in  section  8,  as  DENO 
in  section  12,  and  as  DNUS  in  section  4  of  each 
species -specific  subroutine.  Definitions  and 
values  of  the  variables  change  during  record 
processing.  The  first  computation,  the  equation 
that  varies  by  species,  produces  percentage 
mortality  in  10  years,  expressed  as  a  decimal. 
The  10-year  period  equals  the  projection  period 
of  related  equations  that  estimate  future 
diameter  and  height.  Later  FDN(I),  DNUS,  or 
DENO  is  redefined  as  future  number  of  trees 
and  is  computed  from  the  original  value  of 
FDN(I),  DNUS,  or  DENO. 

6.  Tree  heights  with  wide  range  of  stand 

density. —  Future  average  heights  of  dominant 
and  codominant  trees,  without  restrictions  on 
stand  density,  are  computed  as  FHT(I)  in  sec- 
tion 3,  as  FHT(l)  in  section  8,  and  as  HTUS  by 
section  4  of  each  species-specific  subroutine. 
Heights  in  10  years  are  estimated  from  present 
average  height,  stand  age,  site  index,  and  basal 


area.  Data  needed  for  regression  analysis  may 
be  obtained  from  remeasurements  of  permanent 
plots  or  from  borings  and  ring  counts  on  tem- 
porary plots. 

7.  Increase  in  average  d.b.h.  from  cutting. 

—  Effect  of  partial  regeneration  cutting  or  thin- 
ning from  below  on  average  stand  d.b.h.  is 
simulated  by  subroutine  CUTS.  Thinning  from 
below  includes  the  removal  of  occasional  larger 
trees,  as  occurs  in  actual  practice.  Statements 
for  DBHE  and  PDBHE,  which  may  vary  by 
species,  appear  in  section  5  of  each  species- 
specific  subroutine.  DBHE  represents  the 
estimated  d.b.h.  after  thinning  and  is  computed 
directly  if  at  least  50  percent  of  the  trees  are  to 
be  retained.  The  relationship  is  highly  nonlinear 
if  fewer  trees  are  retained,  so  PDBHE  is  then 
computed  and  its  antilogarithm  becomes  DBHE. 

Change  in  average  diameter  can  be  estimated 
from  data  obtained  during  repeated  trial  marking 
of  plots  that  cover  a  range  of  tree  sizes  and 
densities.  By  multiple  regression  analysis,  equa- 
tions are  obtained  that  estimate  diameter  after 
cutting  from  diameter  before  cutting  and  the 
percentage  of  trees  retained. 

A  computer  program  that  simulates  partial 
cutting,  computes  the  values  needed  for  regres- 
sion analysis,  and  punches  the  data  cards  is 
described  elsewhere  (Myers  1971). 

8.  Cubic  feet  from  saw-log  cut.  —  An  equa- 
tion for  ADD  in  section  6  of  each  species- 
specific  subroutine  estimates  the  merchantable 
cubic  feet  obtainable  as  a  byproduct  of  saw-log 
cuts.  To  obtain  the  basic  data,  plots  representing 
a  wide  range  of  stand  conditions  are  measured. 
Cubic-  and  board-foot  volumes  of  all  trees  above 
minimum  size  for  saw  logs  are  summed  to  ob- 
tain equivalent  volumes  per  acre  for  each  plot. 
The  dependent  variable  for  regression  analysis  is 
merchantable  cubic  feet  per  thousand  board  feet. 
Independent  variables  are  average  d.b.h.  and 
thousands  of  board  feet  per  acre.  Whenever  a 
cut  is  computed  by  subroutine  GOT,  the  state- 
ment for  ADD  is  used  to  compute  the  cubic 
volume  contained  in  saw  logs.  ADD  is  then  re- 
defined to  equal  the  difference  between  the 
total  cubic  volume  of  the  cut  and  the  cubic 
volume  of  saw  logs.  The  new  value  for  ADD  is 
treated  as  a  commercial  yield  if  it  is  equal  to  or 
larger  than  the  minimum  commercial  volume 
entered  as  COMCU(I). 

9.  Tree  heights  with  density  near  manage- 
ment goals.  — Average  height  of  dominant  and 
codominant  trees,  where  height  growth  is  not 
reduced  by  high  stand  density,  is  computed  from 
data  of  the  form: 
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Main  stand 

Site  index  class 

age 
(Years) 

40 

50 

60 

70 

20 

8 

10 

13 

16 

40 

17 

22 

28 

34 

60  .  .  . 

26 

33 

41 

49 

150 

50 

62 

73 

85 

The  relationships  are  expressed  by  state- 
ments for  HTSO  in  the  ninth  section  of  each 
species-specific  subroutine.  If  data  from  site 
index  curves  are  used,  the  crown  classes 
described  must  be  the  same  as  those  used  to 
develop  the  site  curves.  The  crown  classes  must 
be  the  same  as  those  used  in  the  equations  for 
total  cubic  feet,  described  in  item  2,  above. 

10.  Increase  in  average  height  from  thin- 
ning.—Increases  in  average  height  of  dominant 
and  codominant  trees  due  to  partial  cutting  are 
estimated  the  same  way  as  increases  in  average 
d.b.h.  Results  of  repeated  trial  markings  on  plots 
covering  a  range  of  average  diameters  and 
densities  provide  the  data  needed  for  regression 
analysis.  The  increase,  in  feet,  is  correlated  with 
the  percentage  of  trees  retained. 

The  relationship  appears  as  the  statement 
for  ADDHT  in  section  10  of  each  species-specific 
subroutine,  and  as  part  of  the  statements  for 
HT(KI)  in  section  7  and  for  HT(1)  in  section  8. 
At  each  cutting,  the  amount  of  the  increase  is 
added  to  height  before  thinning  to  obtain  height 
after  thinning.  In  section  10,  it  is  also  added  to 
a  cumulative  sum  of  changes,  HTCUM,  so  com- 
puted heights  before  thinning  will  show  the 
effects  of  past  treatment  as  well  as  of  age  and 
site  quality. 

As  with  change  in  diameter,  it  is  possible 
to  simulate  thinnings  on  a  computer  to  increase 
the  number  of  combinations  of  variables  avail- 
able for  regression  (Myers  1971). 

11.  Future  average  stand  d.b.h.  with  density 
near  management  goals.  —  Diameter  in  10  years 
is  estimated  from  present  average  d.b.h.,  site 
index,  and  present  basal  area.  Future  diameters 
are  computed  as  FDM(l)  in  section  8  and  as 
DBHO  in  section  11  of  each  species-specific  sub- 
routine. Data  needed  to  obtain  the  prediction 
equations  by  regression  analysis  are  gathered 
on  temporary  and/or  permanent  plots  with 
stands  within  the  desired  range  of  densities 
(Myers  1971).  This  prediction  equation  is  used 
in  TEVAP2  wherever  diameter  growth  in 
recently  thinned  stands  is  to  be  computed. 

12.  Effects  of  dwarf  mistletoe.  —  Subroutine 
LDGP  and  SWPP  give  examples  of  how  the 
effects  of  a  damaging  agent  may  be  included  in 
growth  computations.   In  these  cases,  growth 


reduction  is  caused  by  dwarf  mistletoe, 
Arceuthobium  americanum  Nutt.  ex  Engelm.  or 
A.  vaginatum  subsp.  cryptopodum  (Engelm.) 
Hawks,  and  Wiens.  Three  statements  in  each 
subroutine  contain  species-specific  relationships 
involving  the  amount  of  dwarf  mistletoe  present 
and  its  effect  on  growth.  They  are:  (1)  the  last 
half  of  the  statement  for  TEM,  (2)  the  state- 
ments for  DIE,  and  (3)  the  statement  for  PCT. 
Each  of  the  three  statements  appears  in  sections 
3,  4,  and  8  of  subroutines  LDGP  and  SWPP.  In 
each  case,  the  measure  of  dwarf  mistletoe  present 
is  the  dwarf  mistletoe  rating,  DMR  (Hawks worth 
1961). 

The  last  half  of  the  statement  for  TEM 
gives  the  percentages  of  the  10-year  increase  in 
average  d.b.h.  of  healthy  stands  that  will  occur 
with  varying  amounts  of  dwarf  mistletoe.  The 
statements  for  DIE  give  the  percentage  of  live 
trees  at  start  of  the  period  that  will  die  during 
the  period.  This  percentage  will  be  used  instead 
of  the  percentage  from  FDN(I),  if  larger. 
FDN(I)  is  based  on  noncatastrophic  mortality 
in  healthy  stands  and  will  be  less  than  DIE 
unless  the  dwarf  mistletoe  rating  is  so  low  that 
FDN(I)  and  DIE  are  equal.  PCT  is  the  percent- 
age of  the  periodic  height  growth  of  healthy 
stands  that  will  occur  in  stands  with  various 
degrees  of  infestation.  Additional  information 
on  these  relationships  is  available  elsewhere 
(Myers  et  al.  1971,  Myers  et  al.  1972,  Hawks- 
worth  and  Myers  1973). 
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APPENDIX   1 

Listing  of  Program  TEVAP2 


PB05RAM     IEV4P2 
l(INPUT,0UTPUT,TlPE5  =  INPUT,T4l>6f>  =  3UTPIJT,TAPE<.  =  T6PE5,rAPE3=TSP[5) 


:  DEFINITIONS  OF  VARIAILES. 


iBFSdI.JI  =  ACT1J4L  GROKlNt.  ST3C«  IN  f 

AND  AGE  CLASS  J. 
ACRAKdl  =  DEFORESTED  ACRES  IN  BLOC<  I. 
ACFNL(I.J.K)  =  ACRES  TO  RECEIVE  FINAL  CUT  DURING  NEX 

WORKING  GROUP  I.  BLOCK  J,  AGE  CLASS  K. 
ACINTIIl  =  ACRES  RECEIVING  INTERMEDIATE  CUT  ANNUALLr 

FOREST,  WORKING  GR3UP  I. 
ACRE  =  AREA  OF  THE  STAND  DESCRIBED  BV  THE  INVENTORY 

KNOWN.  BLANK  INDICATES  RECORD  APPLIES  TO  SAMPLE 
ACRGNU'J.Kl  =  ACRES  TO  RECEIVE  REGENERATION  CUT  DU? 

PERIOD  -  WORKING  GROUP  I.  BLOCK  J,  AGE  CLASS  K. 
ACSlll.J.KI  =  ACRES  OF  WORKING  GROUP  I.  BLOCK  J,  SIT 
ACSplI.J)  =  ACRES  Of  working  GROUP  I  IN  BLOCK  J. 
ADD  =  CUBIC  FEET  PRODUCED  AS  BVP50DUCT  OF  SAWLOG  CUT 
ADDHT  =  INCREASE  IN  AVERAGE  HEIGHT  FROM  THINNING  FRO 
ADJIII  =  YEARS  In  adjustment  period,  working  GROUP  I 
AGE(I)  =  AVERAGE  AGE  OF  OVERSTORY I  I  =  1  I  OR  UNOERSTORY 
AGED  =  STAND  AGE  AT  EACH  STEP  OF  YIELD  TABLE. 
AGETHIl.J)  =  AGE  AT  INITIAL  THINNING.  WORKING  GROUP 

SITE  CLASS  J. 
ALLCFII.JI  =  GROWING  STOCK  GOAL  FOP  WORKING  GROUP  I. 

CUBIC  FEET  OF  ENTIRE  STANDS  TO  ROTATION  AGE. 
ALOWC(I)  =  ALLOWABLE  ANNUAL  CUT  IN  HUNDREDS  OF  CU.  F 

ACTUAL  AND  DESIRED  GROWING  STOCKS  OF  WORKING  GR 
AlWBFII)  =  ALLOWABLE  ANNUAL  CUT  IN  M  BR.  FT..  BASED 

DESIRED  GROWING  STOCKS  OF  WORKING  GROUP  I. 
AMClGd.JI  =  ACTUAL  GROWING  STOCK  IN  HUNDREDS  OF  CU. 

WORKING  GROUP  I  AND  AGE  CLASS  J. 
ANBOFII)  =  W  BD.  FT.  Pf R  ACRE  AT  END  OF  EACH  YEA*. 
ANCUril.Jl  =  AREA  /  ROTATION  FOR  WORKING  GROUP  I,  SI 
ANCUVII)  =  CU.  FT.  STANDING  PER  ACRE  AT  END  OF  EACH 
ANNAC  =  TOTAL  ACRES  TO  BE  TREATED  ANNUALLY  DURING  NE 
ANNBD  =  EXPECTED  TOTAL  ANNJAL  YI£LD  DURING  NEXT  PERI 

H  BD.  FT. 
ANNCU  =  EXPECTED  TOTAL  ANNUAL  YIELD  DURING  NEXT  PERI 
ARBKII)  =  AREA  OF  BLOCK  I. 
ARFAll.J)  =  AREA  OF  SITE  CLASS  J  OCCUPIED  BY  W05KING 

INCLUDES  SHARE  Of  DEFORESTED  AREA. 
ARECP  =  TOTAL  AREA  OF  COMPARTMENT. 
ARESCII)  =  ACRES  IN  SUBCOMPARThEnT  I. 
ARETYII)   =  ACRES  OF  TYPE  I   [N  ONE  COMPARTMENT. 
BARE  =  DEFORESTED  ACRES  IN  A  COMPARTMENT. 
BARSI(I.J)  =  OEFORESTED  ACRES  OF  SITE  J  IN  BLOCK  I. 
BASIII  =  BASAL  AREA  OF  OV ERS TOR Y ( I = 1 >  OR  UNDERSTORYI 
BASO  =  BASAL  AREA  PER  ACRE  BEFORE  THINNING. 
BAST  =  BASAL  AREA  PER  ACRE  AFTER  THINNING. 
BAUS  =  BASAL  AREA  OF  UNDERSTORY. 
BOAI  =  H.A.I.   IN  M  BD.  FT.  FROM  YIELD  TABLE. 
BOFCIll  =  M  BD.  FT.  REMOVED  PER  ACRE. 
BDEOUI  =  M  BD.  FT.  PER  ACRE  BEFORE  THINNING. 


FT.  FOR  WORKING  GROUP  I 


T  PERIOD  - 

IN  BALANCED 

RECORD,  IF 
PLOT. 

Ing  next 


I  BELOW. 
1=21. 


I  , 

SITE  CLASS  J. 

T.,  BASED  ON 

OUP  I  . 

ON  ACTUAL  AND 


TE  CLASS  J. 

YEAR. 

XT  PERIOD. 

OD  IN 

OD  IN  CU.  FT. 

GROUP  I. 


BDFT  =  M  BD.  FT.  PER  ACRE  AFTER  THINNING. 

BDHAIII)  =  M.A.I.  IN  M  BO.  FT.  FROM  YIELD  TABLE  AND  ACRES  IN  SITE 
CLASS,  WORKING  GROUP  I . 

BDUS  =  M  BC.  FT.  IN  UNDERSTORY. 

BFAGEII.J)  =  GROWING  STOCK  GOAL  IN  M  80.  FT.  FOR  WORKING  GROUP  I 
AND  AGE  CLASS  J. 

C  BFBLKII)  =  H  BD.  FT.  IN  BLOCK  1. 

C  BFINTII)  =  M  Bo.  FT.  FROM  INTERMEDIATE  CUTS  ANNUALLY  IN  BALANCED 
C  FOREST,  WORKING  GROUP  I. 

C  BFMII)  =  M  BD.  FT.  IN  nVERSTHRYl 1  =  1  I  OR  IN  UNDER STOR Y I  I =2 1 . 

C  BFMRCH  =  MINIMUM  VOLUME  TO  BE  INCLUDED  IN  80.  FT.  GROWING  STOCK. 

C  BFS(I)  =  GROWINO  STOCK  GOAL  BY  AGE  CLASS  I  FOR  ONE  SITE  CLASS  OF 
C  WORKING  CIRCLE,  M  BD.  FT. 

C  BFSPII.J)  -    M  BD.  FT.  OF  WORKING  GROUP  I  IN  BLOCK  J. 

C  BFTBII.JI  =  M  BD.  FT.  IN  TYPE  J  OF  BLOCK  I. 

C  BFThII,JI  =  CURRENT  POTENTIAL  PERIODIC  YIELD  FROM  THINNINGS  IN 
C  BLOCK  I  AND  TYPF  J,  M  BD.  FT. 

C  BFVOL  =  K  BD.  FT.  PER  ACRE  HINJS  VOLUME  LEFT  AS  SEED  SOURCE. 

C  CFAGEII.Jl  =  GROWING  STOCK  GOAL  IN  MERCHANTABLE  CUBIC  FEET  FOR 
C  WORKING  GROUP  I  AND  A'.E  CLASS  J. 

C  CFAI  =  M.A.I,  t^    HUNDREDS  OF  CU.  FT.  FROM  YIELD  TABLE. 

C  CFBFII.JI  =  GROWING  STOCK  GOAL  FOR  WORKING  GROUP  I,  SITE  CLASS  J. 
C  CUBIC  FEET  IN  SAWLOG  TREES. 

C  CFmCIII  -    MERCHANTABLE  CU.  FT.  RtHOVED  PER  ACRE. 

C  CFMERII)  =  MERCH.  CU.  FT.  IN  BLOCK  I,  IN  HUNDREDS. 

C  CFMD(I)  =  MERCHANTABLE  CJ.  FT.  PtR  ACRE  BEFORE  THINNING. 

C  CFMT  -     MERCHANTABLE  CU.  FT.  PER  ACE  AFTER  THINNING. 

C  CFTBII,J1  =  TOTAL  CU.  FT.  IN  TYPE  J  OF  BLOCK  I,  IN  HUNDREDS. 

C  CFVOL  =  CU.  FT.  PER  ACRE  MINUS  VOLUME  LEFT  AS  SEED  SOURCE. 

C  CM(I)  =  HUNDREDS  Of  MERCH.  Cu.  FT.  IN  OVERSTOR Y( I  =  1 1  OR  IN 
C  UNDERSTORY! 1=21. 

C  CMSIIl  =  GROWING  STOCK  GOAL  PY  AGE  CLASS  I  FOR  ONE  SITE  CLASS  OF 
C  WORKING  CIRCLE,  HUNDREDS  OF  CU.  FT. 

C  CMSPII.JI  =  MERCH.  CU.  FT.  OF  WORKING  GROUP  I   IN  BLOCK  J. 

C  CMTB(I,JI  =  HUNDREDS  OF  MERCH.  CU.  FT.  IN  TYPE  J  OF  BLOCK  I. 

C  CMTH(I,JI  =  CURRENT  POTENTIAL  PERIODIC  YIELD  FROM  THINNINGS  IN 
C  BLOCK  I  AND  TYPE  J,  HUNDREDS  OF  CUBIC  FEET. 

C  COMBFIIl  =  MINIMUM  COMMERCIAL  CUT  OF  WORKING  GROUP  I  IN  M  BD.  FT. 

C  COMCuIII  -    MINIMUM  COMMERCIAL  CUT  OF  WORKING  GROUP  I  IN  HUNDREDS 
C  OF  CUBIC  FEET  PER  ACRE. 

C  CUCYII)  =  INTERVAL  BETWEEN  INTERMEDIATE  CUTS  FOR  WORKING  GROUP  I. 

C  CUINTII)  =  CU.  FT.  FROM  INTERMEDIATE  CUTS  ANNUALLY  IN  BALANCED 
C  FOREST,  WORKING  GROUP  I. 

C  CUMAKII  =  M.A.I.  IN  HUNDREDS  OF  CU.  FT.  FROM  YIELD  TABLE  ANO 
C  ACRES  IN  SITE  CLASS,  WORKING  GROUP  I. 

C  CUTA(I,JI  =  POTENTIAL  BD.  FT.  VOLUME,  LESS  SHELTERWOOD,  AVAILABLE 
C  FROM  REG  NERATION  CUTS  -  BLOCK  I,  TIMBER  TYPE  J. 

C  CUTBII.J)  =  POTENTIAL  BD.  FT.  VOLUME  AVAILABLE  FROM  (EMOVAL  OF 
C  OVERWOOn  -  BLOCK  I,  TIMBER  TYPE  J. 

C  CVRIII  =  NUMBER  OF  MAP  SQUARES  IN  TYPE  I. 

C  CVCL  =  INTERi/AL  BETWEEN  I^TERMFDIATF  CUTS. 

C  DATE  =  DAIF  OF  MOST  RECENT  CHAMGES  IN  INVENTORY  0»  OTHER  DATA. 

C  DBHdl  =  AVERAGE  D.B.H.  OF  OVERSTORYI  I  =11  OR  UND6RST0RYI  I  =2 )  . 

C  DBHE  =  ESTIMATE  OF  AVERAGE  D.B.H.  AFTER  THINNING. 

C  D8H0  =  AVERAGE  STAND  D.B.H.  BEFOkE  THINNING. 
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OBhT  -    AVERAGE  5T4H0  D.B.H.  iFTE*  IHINN1*IG. 

OBHTHII.JI  =  AVERAGE  STAMO  n.B.H.  AT  AGE  AGETHd.J),  WORKING 

GROUP  I,  SITE  CLASS  J. 
DELAYII)  =  YEARS  DELAY  BEIrfEEM  CLEARCUTTING  AND  ESTABL I SHHEST  OF 

NEW  STAND,  WORKING  GROUP  1. 
OENII)  =  TREES  PER  ACRE  IN  OVERSTORY ( I = I )  OR  UNDER ST3RY( I =2) . 
OENO  =  TREES  PER  ACRE  BEFORE  THINNnc. 
DENT  =  TREES  PER  ACRE  AFTER  THINNING. 
DENTHd.JI  =  NUMBER  OF  TREES  PER  ACRE  JUST  BEFORE  I«|ITIAL 

THINNING.  WORKING  GROJP  I.  SITE  CLASS  J. 
DFBFd.Jl  =  OIFFERFNCE  BETWEEN  ACTUAL  STOCK  AND  GOAL  IN  H    BO.  FT. 

FOR  WORKING  GROUP  1  AND  AGE  CLASS  J. 
DFMCII.Jl  =  DIFFERENCE  BETWEEN  ACTUAL  STOCK  AND  GOAL  IN  HUNDREDS 

OF  CU.  FT.  FOR  WORKING  GROUP  I  AND  ACE  CLASS  J. 
OLEVII)  =  GROWING  STOCK  LEVEL  FOR  THINNINGS  AFTE*  INITIAL  CUT, 

WORKING  GROUP  I. 

DMRiii  =  Dwarf  mistletoe  rating  of  plot  or  subcompaktment,  by 

OVERSTORYI 1  =  1  I  and  UNOERSTORY ( I  =  2 ) . 
DMUS  =  AVERAGE  D.B.H.  OF  UNDErSTORY. 
ONUS  =  NUMBER  OF  TREES  IN  JNDERSIORY. 

EOIVII)  "  ACRES  PER  STANDARD  ACRE,  SITE  CLASS  I,  FROM  BOARD  FEET. 
EOVCFII)  =  ACRES  PER  STANDARD  ACRE.  SITE  CLASS  I.  FRDM  CUBIC  FEET. 
FACIII  =  RATIO  OF  YIELD  OF  SITE  CLASS  I  TO  STANDARD  YIELD,  BOTH 

IN  BOARD  FEET. 
FACCFIII  =  RATIO  OF  YIELD  OF  SITE  CLASS  I  TO  STANDARD  YIELD,  BOTH 

IN  CUBIC  FEET. 
FBAdI  =  FUTURE  BASAL  AREA  OF  OVERSTORYI  I  =1 1  OR  UNDERSTORYI  I  =2  I  . 
FBDIll  =  FUTURE  M  BD.  FT.  IN  0VERST3RYI I  =  1 )  OR  UNOERSTQRY ( I =2  I . 

FCTR(i)  =  Merchantable  Cu.  ft.  per  total  Cu.  ft.  -  factor. 

FDMin  =  FUTURE  AVERAGE  D.B.H.  OF  OVERSToRY(l)  OR  UNDE' STORY  I  2) . 
FDNII)  =  FUTURE  TREES  PER  ACRE  IN  OVERSTORYllI  OR  UNDERSTQRY I  2 ) . 
FHTll)  =  FUTURE  AVE.  HEIGHT  OF  OVERSTORY I  I  =  1 )  OR  UNDERSTORYI I =2 ) . 
FINBII)  =  EXPECTED  ANNUAL  YIELD  IN  M  BD.  FT.  FROM  FINAL  CUTS 

DURING  NEXT  PFRIOO,  W0RKI"4G  GROUP  I. 
FINCH)  =  EXPECTED  ANNUAL  YIELD  IN  CU.  FT.  FROM  FINAL  CUTS  DURING 

NEXT  PERIOD,  WORKING  GROUP  I. 
FMCdl  =    FUTURE  MeRCH.  CU.  FT.  IN  OVERSTORYdl  DR  UNDERSTORY  (  21 . 
FNA:IiI  =  EXPECTED  ACRES  TO  RECEIVE  FINAL  CUTS  ANNUALLY  DURING 

NEXT  PERIOD,  WORKING  GROUP  I. 
FNBDIII  =  ANNUAL  YIELD  FROM  FINAL  CUTS  WITH  BALANCED  SERIES  OF  AGE 

CLASSES.  M  BD.  FT.  OF  WORKING  GROUP  I. 
FN:'I(i)  =  ANNUAL  YIELD  FROM  FINAL  CJTS  WITH  BALANCED  SERIES  OF  AGE 

CLASSES,  Cu.  FT.  OF  WORKING  GROUP  I. 
FORETCIl  =  NAME  OF  FOREST  OR  WORKING  CIRCLE. 

FVLdl  =  FUTURE  TOTAL  VOLUME  OF  OvERSTORY  (  U 1  1  OR  UNOERSTORYI  1  =  2 1  . 
GRBOII.J.RI  =  PERIODIC  GROWTH  OF  WORKING  GROUP  I,  BLOCK  J,  AND  AGE 

CLASS  K  IN  M  BD.  FT. 
GRMCd.J.KI  =  PERIODIC  GROWTH  OF  WORKING  GROUP  I,  BLOCK  J,  AND  AGE 

CLASS  K  IN  HUNDREDS  OF  HERCH.  CU.  FT. 
GROWBd,J,KI  =  GROWTH  RATE  OF  BO.  FT.  IN  SHELTERWOOD.   WORKING 

GROUP  I,  REMOVAL  CjT  J,  SITE  INDEX  CLASS  K. 
GR3WCd,J,K)  =  GROWTH  RATE  OF  CU.  FT.  IN  SHELTERWOOD.   WORKING 

GROUP  I,  REMOVAL  CUT  J.  SITE  INDEX  CLASS  K. 
GRUP(I)  =  AREA  OF  WORKING  GROUP  I  IN  A  COMPARTMENT. 

GVLBFIII  -    TOTAL  GROWING  STOCK  GOAL  FOR  WORKING  GROUP  I,  M  BD.  FT. 
GVlCUiII  =  TOTAL  GROWING  STOCK  GOAL  FOR  WORKING  GROUP  I.  CU.  ^T. 

SUM  OF  APPROPRIATE  SUBCFd,JI  FOR  SUB-SAWLOG  TREES. 
HELPII.JI  =  POTENTIAL  NONCOMMERCIAL  THINNING  IN  NEXT  PERIOD,  ACRES 

OF  TYPE  J  IN  BLOCK  I. 
HTdl  =  AVERAGE  HEIGHT  OF  OVERST  OR  Y(  I  =  I )  OR  UNDERSTORY  II  =2  ) . 
HTCUM  =  CUMULATIVE  CHANjE  IN  AVERAGE  HEIGHT  FROM  THINNING. 
HTSO  =  TREE  HEIGHT  BEFORE  THINNING. 
HTST  =  TREE  HEIGHT  AFTER  THINNING. 
HTUS  =  AVERAGE  HEIGHT  OF  UNDERSTORY  TREES. 
IBK  =  BLOCK  SOURCE  OF  INVENTORY  RECORD. 
ICT9  =  NUMBER  OF  LOGICAL  UNIT  FOR  CARD  TYPE  9  INPUT. 

ICT9  =  "•.  READ  INVENTORY  FROM  TAPE  FILE. 

ICT9  =  5,  READ  INVENTORY  FROM  CARD  FILE. 
INVLII,J,KI  =  INTERVAL  BETWEEN  CUTS  AFTER  AGE  REGNI1,J,K).  WORKING 

GROUP  I,  REMOVAL  CUT  J,  SITE  CLASS  K.  J=l  DR  2. 
ISUB  =  SUBCOMPARtMENT  SOURCE  OF  INVENTORY  RECORD. 
KAK  =  SUBSCRIPT  FOR  WORKING  GROUP  IN  VARIOUS  ARRAYS. 
KAN  -     SUBSCRIPT  FOR  SITE  CLASS  IN  VARIOUS  ARRAYS. 
KBK  =  BLOCK  NUMBER. 
KOMP  =  COMPARTMENT  NUMBER. 

KSUBd.J)  =  SUBCOMPARTMENT  NUMBERS  OF  MAP  SQUARES. 
KTYPII.JI  '  TYPE  CLASSIFICATION  OF  MAP  SOUARES. 
MAP  =  INDEX  TO  PRINT  (1)  OR  OMIT  ID)  MAPS. 

MIN  =  MINIMUM  AGE  FOR  STAND  TO  BE  INCLUDED  IN  GROWING  STOCK. 
MNK  =  TEMPORARY  VARIABLE,  ASSIGNED  MEANINGS  AS  NEEDED. 
NBk  =  NUMBER  OF  BLOCKS  IN  WORKING  CiRClI.  MUST  BE  AT  LEAST  ONE. 
NCMP  =  NUMBER  OF  COMPARTMENTS  IN  WORKING  CIRCLE. 
NROW  =  NUMBER  OF  ROWS  IN  COMPART-ENT  MAP. 
NSBKd)  =  NUMBER  OF  SUBCOMPARTMEnTS  IN  BLOCK  I. 
NSldl  =  NUMBER  OF  SITE  CLASSES  IN  WORKING  GROUP  I. 
NSUB  =  NUMBER  OF  SUBCOMPARTMENTS  IN  WORKING  CIRCLE. 
NTYP  =  COVER  OR  USE  TYPE  OF  INVENTORY  PLOT  OR  SUBCOMPARTMENT. 
NWGP  =  NUMBER  OF  WORKING  GROUPS  IN  WORKING  CIRCLE. 
OPBDII)  =  ALLOWABLE  ANNUAL  CUT  IN  M  BO.  FT.  FOR  WORKING  CROUP  I 

WITH  BALANCED  AGE  CLASSES,  REGENERATION  CUTS. 
OPCUII)  =  ALLOWABLE  ANNUAL  CUT  IN  CJ.  FT.  FOR  WORKING  GROUP  I  WITH 

BALANCED  AGE  CLASSES,  REGENERATION  CUTS. 
OPENd.JI  =  POTENTIAL  COMMERCIAL  THINNING  IN  NEXT  PERIOD,  ACRES  OF 

TYPE  J  IN  BLOCK  I. 
OPTION  =  OPTION  DESIRED  TO  MAKE  AREA  CALCULATIONS.  MAY  BE  AREAl, 

AREAZ,  OR  HAPS. 
OURS  -    ACRES  IN  WORKING  CIRCLE,  EXCLUDING  OTHER  OWNERSHIP. 
PABRdI  -    DEFORESTED  ACRES  IN  BLOCK  I,  EXCLUDING  UNITS  WITH  KNOWN 

AREA  ON  INVENTORY  RECORD. 
PAFNd,J,K)  =  ACRES  TO  RECEIVE  FINAL  CUT  -  WORKING  GROUP  I,  BLOCK 

J.  AGE  CLASS  K  -  EXCLUDES  AREAS  ON  INVENTORY  RECORD. 
PAIBDII)  =  P.A.I.  IN  M  BO.  FT.,  WORKING  GROUP  I. 
PAICUd)  =  P.A.I.  IN  HUNDREDS  OF  CUBIC  FEET,  WORKING  GROUP  I. 
PARG(I,J,K)  =  ACRES  TO  RECEIVE  REGENERATION  CUT  -  WORKING  CROUP  I, 

BLOCK  J,  AGE  Class  k  -  excludes  known  areas. 

PARTYII.JI  =  AREA  OF  TYPE  J  IN  BLOCK  I,  EXCLUDING  UNITS  WITH  KNOWN 

AREA  ON  INVENTORY  RECORD. 
PASI(:.J,KI  =  ACRES  OF  WORKING  GROUP  I,  BLOCK  J,  AND  SITE  CLASS  K, 


EXCLUDING  KNOWN  AREAS. 
PASPII,J)  =  AREA  OF  WORKING  GROUP  I  IN  BLOCK  J,  EXCLUDING  UNITS 

WITH  KNOWN  AREA  ON  INVENTORY  RECORD. 
PBFTII.J)  =  POTENTIAL  YIELD  IN  M  BD.  FT.  FROM  THINNINGS  -  BLOCK  I, 

TYPE  J  -  EXCLUDING  UNITS  OF  KNOWN  AREA. 
PBRSIII,J)  =  DEFORESTED  ACRES  OF  SITE  J  IN  BLOCK  I,  EXCLUDING 

UNITS  WITH  KNOWN  AREA  ON  INVENTORY  RECORD. 
PCMTd.Jl  =  POTENTIAL  YIELD  IN  MERCH.  CJ.  FT.  FROM  THINNINGS  - 

BLOCK  I,  TYPE  J  -  EXCLUDING  UNITS  OF  KNOWN  AREA. 
PCTAd,J)  =  POTENTIAL  BD.  FT.  CUT  FROM  REGENERATION  CUTS-  BLOCK  I 

TYPE  J  -  EXCLUDING  UNITS  OF  KNOWN  AREA. 
PCTBII,J)  -  POTENTIAL  BD.  FT.  CUT  FROM  FINAL  CUTS  -  BLOCK  I,  TYPE 

J  -  EXCLUDING  UNITS  OF  KNOWN  AREA. 
POCFNd.J)  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  FINAL  CUTS  OuKINC  NEX 

PERIOD,  BLOCK  I,  TYPE  J. 
PD:FRd,J)  -    EXPECTED  YIELD  IN  CJ.  FT.  FROM  REGENERATION  CUTS  NEX 

PERIOD,  BLOCK  I,  TYPE  J. 
POCUTd)  =  ACRES  IN  AGE  CLASS  WITH  BALANCED  SERIES  OF  AGE  CLASSES 
PGBOII,J,KI  =  PERIODIC  GROWTH  IN  M  BD.  FT.  WORKING  GROUP  I,  BLOCK 

J,  AGE  CLASS  K.  EXCLUDING  UNITS  OF  KNOWN  AREA. 
PGMC(1,J,K)  =  PERIODIC  GROWTH  IN  MERCH.  CU.  FT.  WORKING  GROUP  I, 

BLOCK  J,  AGE  CLASS  K,  EXCLUDING  UNITS  OF  KNOWN  AREA. 
PhLP(I,J)  =  POTENTIAL  NONCOMMERCIAL  THINNING  IN  NExT  PERIOD,  ACRE 

OF  TYPE  J  IN  BLOCK  I.  RECORDS  WITH  AREA  =  0.0,  ONLY. 
POORd)  =  MINIMUM  SITE  INDEX  FOR  MANAGEMENT,  WORKING  GROUP  I. 
POPNd.J)  »  POTENTIAL  COMMfRCIAL  THINNING  IN  NEXT  PERIOD,  ACRES  OF 

TYPE  J  IN  BLOCK  I.  RECORDS  WITH  AREA  =  D.D,  ONLY. 
PPBFd,J,KI  =  TOTAL  VOLUME  IN  M  00.  FT.  FOR  WORKING  GROUP  I.  BLOCK 

J,  AGE  CLASS  K.  EXCLUDES  UNITS  OF  KNOWN  AREA. 
PPCRd,J)  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  REGENERATION  CUTS  - 

BLOCK  I,  TYPE  J  -  EXCLUDING  UNITS  OF  KNOWN  AREA. 
PPFNd.J)  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  FINAL  CUTS  -  BLOCK  I, 

TYPE  J  -  EXCLUDING  UNITS  OF  KNOWN  AREA. 
PPMC(I,J,K)  =  TOTAL  VOLUME  IN  MERCH.  CJ.  FT.  FOR  WORKING  GROUP  I, 

BLOCK  J.  AND  AGE  CLASS  K.  EXCLUDES  KNOWN  AREAS. 
PPTCd.J.K)  =  SUM  OF  TOTAL  CU.  Ff.  FOR  WORKING  GROUP  I,  BLOCK  J, 

AGE  CLASS  K.  EXCLUDES  UNITS  OF  KNOWN  AREA. 
PRET  =  PERCENTAGE  OF  TREES  RETAINED  AFTER  INITIAL  THINNING. 
PROOd)  =  BOARD  FEET  PER  TOTAL  CUBIC  FOOT  -  CONVERSION  FACTOR. 
PSII.J.K)  =  NUMBER  OF  INVENTORY  PLOTS  OF  WORKING  GROUP  I,  BLOCK  J 

AND  SITE  CLASS  K. 
PSLVd.J)  =  BD.  FT.  VOLUME  TO  BE  SALVAGED  -  BLOCK  I,  TYPE  J  - 

EXCLUDING  UNITS  OF  KNOWN  AREA. 
PSPLT(I.J)  =  NUMBER  OF  INVENTORY  PLOTS  OF  BLOCK  I  ANO  TYPE  J.  NOT 

INCLUDING  UNITS  OF  KNOWN  AREA. 
PTBFII,J,KI  =  TOTAL  VOLUME  IN  M  BD.  FT.  FOR  WORKING  GROUP  I,  BLOC 

J,  AND  AGE  CLASS  K. 
PTCUI|,J,K)  =  SUM  OF  TOTAL  CU.  FT.  FOR  WORKING  GROUP  I,  BLOCK  J, 

AND  AGE  CLASS  K.  IN  HUNDREDS  OF  CU.  FT. 
PTMCd.J.KI  =  TOTAL  VOLUME  IN  MERCH.  CU.  FT.  f3\    WORKING  GROUP  If 

BLOCK  J.  AND  AGE  CLASS  K.  IN  HUNDREDS  OF  CU.  FT. 
PUNCd.JI  =  AREA  OF  BLOCK  I,  TYPE  J  BELOW  MINIMJM  SITE  OJALITY 

FOR  REGULATION,  EXCLUDING  UNITS  OF  KNOWN  AREA.  ' 

OUALII)  =  SITE  CLASSES  PRESENT  IN  WORKING  GROUP  I. 
REGNd,J,KI  =  AGE  AT  WHICH  REGENERATION  CUT  MADE.  WORKING  GROUP  I, 

CUT  J,  SITE  CLASS  K.  J=l,2,  OR  3. 
RGACdl  =  EXPECTED  ACRES  GIVEN  REGENERATION  CUTS  ANNUALLY  DURING 

NEXT  PERIOD,  WORKING  GROUP  I. 
RGBDd)  =  EXPECTED  ANNUAL  YIELD  IN  M  BD.  FT.  FROM  REGENERATION 

CUTS  DURING  NEXT  PERIOD,  WORKING  GROUP  I. 
RGCUd)  =  EXPECTED  ANNUAL  YIELD  IN  CU.  FT.  FROM  REGENERATION  CUTS 

DURING  NEXT  PERIOD,  WORKING  GROUP  I. 
RInTII)  =  NUMBER  OF  YEARS  FOR  WHICH  E3UATI0NS  PREDICT  GROWTH  Wl H 

A  SINGLE  PROJECTION,  WORKING  GROUP  I. 
ROTA  =  OLDEST  STAND  AGE  IN  A  YIELD  TABLE. 

SACCF  =  AREA  OF  WORKING  CIRCLE  IN  STANDARD  ACRES,  FROM  CU.  FT. 
SAHPd)  =  POTENTIAL  NONCOMMERCIAL  THINNING  IN  NEXT  PERIOD,  ACRES 

IN  WORKING  GROUP  I. 
SANCUTd)  =  ALLOWABLE  ANNUAL  CUT  iN  ACRES,  WORKING  GROUP  I. 
SARETY(I.J)  =  AREA  OF  TYPE  J  IN  BLOCK  I. 

SARSC  -    TOTAL  AREA  OF  S JBCOMPARTMENT S  DF  A  COMPARTMENT. 
SARSPII)  =  TOTAL  AREA  OF  WORKING  GROUP  I,  INCLUDING  SHARE  DF 

DEFORESTED  AREA. 
SATHd)  =  POTENTIAL  COMMERCIAL  THINNING  IN  NEXT  PERIOD,  ACRES 

WORKING  GROUP  I. 
SBARB  =  TOTAL  BRUSHY  DEFORESTED  ACRES  IN  WORKING  CIRCLE. 
SBARE  =  TOTAL  DEFORESTED  ACRES  IN  WORKING  CIRCLE. 
SBARG  =  TOTAL  GRASSY  DEFORESTED  ACRES  IN  WORKING  CIRCLE. 
SBDF  =  M  BD.  FT.  IN  WORKING  CIRCLE. 
SBFdl  =  TOTAL  M  BD.  FT.  IN  WORKING  GROUP  I. 

SBFRIII  =  BD.  FT.  FROM  THINNINGS  NEXT  PERIOD,  WORKING  GROUP  I. 
SBHdl  =  BD.  FT.  FROM  REGENERATION  CUTS  DURING  NEXT  PERIOD, 

WORKING  GROUP  I. 
SBMd,J)  =  BD.  FT.  FROM  THINNING  DURING  NEXT  PERIOD,  WORKING  GROUP 

I ,  BLOCK  J. 
SBSVd)  =  BO.  FT.  FROM  SALVAGE  NEXT  PERIOD,  WORKING  GROUP  I. 
SCAd.J)  =  BD.  FT.  FROM  REGENERATION  CUTS  DURING  NEXT  PERIOD, 

WORKING  GROUP  I,  BLOCK  J. 
SCALE  =  ACRES  IN  ONE  MAP  SOUARE. 
SCB(I,JI  =  BD.  FT.  FROM  FINAL  CUTS  NEXT  PERIOD,  WORKING  GROUP  I, 

BLOCK  J. 
SCFM  -  HUNDREDS  OF  MERCH.  CU.  FT.  IN  WORKING  CIRCLE. 
SCN(I)  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  FINAL  CJTS  DURING  NEXT 

PERIOD,  WORKING  GROUP  I. 
SCNBd.J)  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  FINAL  CUTS  DURING  NEXT 

PERIOD.  WORKING  GROUP  I.  BLOCK  J. 
SCNTd)  «  EXPECTED  YIELD  IN  CU.  FT.  FROM  FINAL  CUTS  DURING  NEXT 

PERIOD,  TYPE  I. 
SCRd)  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  REGENERATION  CUTS  DURING 

NEXT  PERIOD,  WORKING  GROUP  I. 
SCRBII,J)  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  REGENERATION  CUTS 

DURING  NEXT  PERIOD.  WORKING  GROUP  I.  BLOCK  J. 
SCRT(I)  =  EXPECTED  YIELD  IN  CU.  FT.  FROM  REGENERATION  CUTS  OURINS 

NEXT  PERIOD,  TYPE  I. 
SCUd,J)  =  CU.  FT.  FROM  THINNING  NEXT  PERIOD,  WORKING  GROUP  I, 

BLOCK  J. 
SCURd)  =  CU.  FT.  FROM  THINNING  NEXT  PERIOD,  WORKING  GROUP  I. 
SDBFd)  =  TOTAL  DIFFERENCE  BETWEEN  ACTUAL  AND  GOAL  GROWING  STOCKS 
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B4L4MCED 


IN  horking  circle. 


HOPKINS 


IN  M  BD.  FT.  FOR  W3RKING  GRDUP  I. 
SQMCd)  =  T0T4L  OIFFEREMCE  BETWEEN  4CTU4L  UND  G34L  GR3WIMG  ST3CK 

IN  HUNDREDS  OF  CU.  FT.  FOR  FORKING  GROUP  I. 
SFNL(I)  =  ACRES  FOR  FINAL  CUT  ANNUALLY  i^lTH  OVER.JQOD  AND  BALANCED 

DISTRIBUTION  OF  AGE  CLASSES,  WORKING  GROUP  I. 
SFR(I)  =  BD.  FT.  FROM  FINAL  CUTS,  NEXT  PERIOD,  WORKIMG  GROUP  1. 
SHELTII,J,K)  =  M  80.  FT.  PER  ACRE  LEFT  AS  SHELTERW03D.   WORKING 

GROUP  I,  REMOVAL  CUT  J,  SITE  CLASS  K. 
SHL(1,J)  =  POTENTIAL  NONCOMMERCIAL  THINNING  IN  NEXT  PERIOD, 

WORKING  GROUP  I  IN  BLOCK  J. 
SHWD(I,J,K)  =  CU.  FT.  PER  ACRE  LEFT  AS  SHELTERWOJD.   WORKING 

GROUP  I,  REMOVAL  cut  J,  SITE  CLASS  K. 
SIDLA  =  TOTAL  ALLOWABLE  CUT  IN  ACRES  FOR  ONE  YEAR  IN  A  BALANCED 

WORKING  CIRCLE. 
SIDLB  =  TOTAL  ALLOWABLE  CUT  IN  M  BO.  FT.  FOR  ONE  YEA<  IN  A 

BALANCED  WORKING  CIRCLE. 
SIOLC  =  TOTAL  ALLOWABLE  CUT  IN  CJ.  FT.  FOR  ONE  YEAR  IN 

WORKING  CIRCLE. 
SITE  =  SITE  INDEX. 

SL4ND  =  TOTAL  ACRES  IN  LURKING  CIRCLE. 

SLVGII.JI  =  BO.  FT.  VOLUME  TO  86  SALVAGED,  BLOCK  I,  TYPE  J. 
SMCII)  =  HUNDREDS  OF  CUBIC  FEET  3F  WORKING  GROUP  I  IN  WORKING 

CIRCLE. 
SMPL  =  ACRES  OF  TYPE  J  OF  BLOCK  I  REPRESENTED  BY  ONE  INVENTORY 

PLOT. 
SMSPlll  =  AREA  OF  WORKING  GROUP 
SOPII.J)  =  POTENTIAL  COMMERCIAL  THINNING  IN  NEXT  PERIOD, 

GROUP  I  IN  BLOCK  J. 
SOPTAIII  =  TOTAL  ALLOWABLE  CUT  IN  ACRES  FOR  ONE  YEAR  IN  BALANCED 

WORKING  GROUP  I . 
SOPTBd)  =  TOTAL  M  BD.  FT.  CUT  IN  ONE  YEAR  WITH  A  BALANCED  SERIES 

OF  AGE  CLASSES,  WORKING  GROUP  I. 
SOPTC(I)  =  TOTAL  CU.  FT.  CUT  IN  ONE  YEAR  WITH  A  BALANCED  SERIES  OF 

AGE  CLASSES,  WORKING  GROUP  I. 
SPLTd.J)  =  NUMBER  OF  PLOT  AND  S  JBCOMP  AR  TMENT  RECORDS,  TIMBER  TYPE 

J  OF  BLOCK  I. 
SPnUMII)  =  INDEX  NUMBER  TO  IDENTIFY  SET  OF  SPECIES-SPECIFIC 

STATEMENTS  TO  BE  CALLED  BY  SUBROUTINE  WORKGP. 
SSL(I,J)  =  BD.  FT.  FROM  SALVAGE  NEXT  PERIOD,  WORKING  GROUP  I, 

BLOCK  J. 
SSPT  =  TOTAL  OF  INVENTORY  PLOTS  IN  WORKING  CIRCLE. 

SSTAC  =  AREA  OF  WORKING  CIRCLE  IN  STANDARD  ACRES  FROM  BOARD  FEET. 
STACF(l)  =  AREA  OF  SITE  CLASS  I  IN  STANDARD  ACRES  -  FROM  CU.  FEET. 
STBSIII  =  BO.  FT.  FROM  THINNINGS  DURING  NEXT  PERIOD,  TYPE  I. 
STCII)  =  TOTAL  CU.  FT.  OF  WORKING  GROUP  I  IN  WORKING  CIRCLE. 
STCF  =  TOTAL  CU.  FT.  IN  WORKING  CIRCLE,  IN  HUNDREDS. 

STDACIIl  =  AREA  OF  SITE  CLASS  I  IN  STANDARD  ACRES  -  FROM  BD.  FEET. 
STFO(I)  =  BD.  FT.  FROM  FINAL  CUTS  DURING  NEXT  PERIOD,  TYPE  I. 
STHBF  =  CURRENT  POTENTIAL  PERIODIC  YIELD  FROM  THINNINGS,  TOTAL  FOR 

WORKING  CIRCLE  IN  M  BD.  FT. 
STHCM  =  CURRENT  POTENTIAL  PERIODIC  YIELD  FROM  THINNINGS,  TOTAL  FOR 

WORKING  CIRCLE  IN  HUNDREDS  OF  CUBIC  FEET. 
STHP(I)  -  POTENTIAL  NONCOMMERCIAL  THINNING  IN  NEXT  PERIOD,  ACRES 

OF  TYPE  I. 

.  FT.  FROM  REGENERATION  CUTS  DURING  NEXT  PERIOD, 


STHRIII  = 

TYPE 

STLVIII  = 

STnCIII  = 


BO.  FT.  FROM  SALVAGE  DURING  NEXT  PERIOD,  TYPE  I. 
CU.  FT.  FROM  THINNING  DURING  NEXT  PERIOD,  TYPE  I. 
STONIII  =  POTENTIAL  COMMERCIAL  THINNING  IN  NEXT  PERIOD,  ACRES  OF 
TYPE  I. 

stry  =  stand  component  used  to  type  the  stand.  enter  1  if  the 

undeRSTORy  was  used,  otherwise  leave  blank. 
stypdl  =  acres  of  type  i  in  working  circle, 
subbfd.j)  =  growing  stock  goal  for  working  group  i,  site  class  j. 

M  BD.  FT.  IN  SAWLOG  TREES. 
SUBCFd.Jl  =  GROWING  STOCK  GOAL  FOR  WORKING  GROUP  I,  SITE  CLASS  J. 

CUBIC  FEET  IN  TREES  BELOW  SAWLOG  SHE. 
SUBTYdl   =  TYPE  OF  SUBC3MPARTMENT  I. 
SUHCFII)  =  TOTAL  GROWING  STOCK  GOAL  FOR  WORKING  GROUP  I  IN  MERCH. 

CU.  FT.  SUM  OF  APPROPRIATE  ALLCFII.J)  FOR  ENTIRE  STANDS. 
SUNC  -    TOTAL  LOW  SITE  ACRES  IN  WORKING  CIRCLE. 
SYSTdl  =  FLAG  SET  IF  WORKING  GROUP  I  TO  BE  REGENERATED  BY  SEED 

TREES  OR  SHELTERW03D. 
TBAd)  =  BASAL  AREA  AFTER  THINNING  TO  SPECIFIED  LEVEL  NOW  11=11  OR 

IN  TIME  YEARS  11=2). 
TBD(I)  »  M  BD.  FT.  AFTER  THINNING  To  SPECIFIED  LEVEL  NOW  (1=1)  OR 

IN  TIME  YEARS  11=21. 
TCF(I)  -    TOTAL  CUBIC  FEET  IN  BLOCK  I. 
TCMII)  =  HUNDREDS  OF  Cu.  FT.  AFTER  THINNING  TO  SPECIFIED  LEVEL  NOW 

(1=1 )  OR  IN  TIME  YEARS  (  1  =  2). 
TCSPd.J)  =  TOTAL  CU.  FT.  OF  WORKING  CROUP  I  IN  BLOCK  J. 
TDMdl  =  AVERAGE  D.B.H.  AFTER  THINNING  TO  SPECIFIED  LEVEL  NOw 

11=11  OR  IN  TIME  YEARS  (1=2). 
TEM  =  TEMPORARY  VARIABLE,  ASSIGNED  MEANINGS  AS  NEEDED. 
THACd)  =  POSSIBLE  ACRES  TO  THIN  ANNUALLY  DURING  NEXT  PERIOD, 

WORKING  GROUP  I  . 
ThB  =  AVERAGE  POTENTIAL  VOLUME  FROM  THINNING,  M  60.  FT. 
THBOd)  =  EXPECTED  ANNUAL  YIELD  IN  H  BD.  FT.  FROM  THINNINGS  DURING 

NEXT  PERIOD,  WORKING  GROUP  I. 
THC  =  AVERAGE  POTENTIAL  VOLUME  FROM  THINNING,  HUNDREDS  OF  CU.  FT. 
THCUd)  =  EXPECTED  ANNUAL  YIELD  IN  CU.  FT.  FROM  THINNINGS  DURING 

NEXT  PERIOD,  WORKING  GROUP  I. 
THINdl  =  GROWING  STOCK  LEVEL,  INITIAL  THINNING,  WORKING  GROUP  I. 
TIME  =  NUMBER  OF  YEARS  IN  PLANNING  PERIOD.  BASIS  FOR  WORK  INDEX. 
TMBR  =  TOTAL  TIMBERED  AREA  IN  WORKING  CIRCLE. 
TMPO  =  TOTAL  AREA  OF  FOREST  TYPES  IN  WORKING  CIRCLE,  INCLUDING 

N0NST0CK6D  TYPES. 
TOT(I)  =  TOTAL  CUBIC  FEET  IN  OVERSTORY ( I =1 )  OR  UNDERSTORY d =2 ) . 
T0T4CII)  =  TOTAL  ACRES  EXPECTED  TO  BE  TREATED  IN  ONE  YEAR  DURING 

NEXT  PERIOD,  WORKING  GROUP  I. 
TOTBDII)  =  EXPECTED  TOTAL  ANNUAL  YIELD  IN  M  BD.  FT.  DURING  NEXT 

PERIOD,  WORKING  GROUP  I. 
tot:  =  TOTAL  CUBIC  FEET  REMOVED  PER  ACRE. 
TOTCUIII  =  EXPECTED  TOTAL  ANNUAL  YIELD  IN  CU.  FT.  DURING  NEXT 

PERIOD,  WORKING  GROUP  I . 
TOTO  =  TOTAL  CUBIC  FEET  PER  ACRE  BEFORE  THINNING. 
TOTT  =  TOTAL  CUBIC  FEET  PER  ACRE  AFTER  THINNING. 
TPBII.J)  =  NUMBER  OF  INVENTORY  PLOTS,  WORKING  GROUP  I,  BLOCK  J. 


TVL( I )  =  TOTAL  CU.  FT 
OR  IN  TIME  YEARS 
TYPNM(I,J)  =  DESCRIPT 
UN:ml( I.J)  =  AREA  OF 

SITE  OUALITY  FOR 
UNITII)  =  NUMBER  OF 
VLBFI I )  =  VOLUME  IN  M 
VLCUd  )  =  VOLUME  IN  C 
VLLVd,J,K)  =  PERCENT 
REGN(I,J,K).  WOR 
ENTERED  AS  A  DEC 
WGNUMI I )  =  NUMBER  ASS 
WGPOes I  I , J]  =  OESCRIP 

WORKING  GROUP  I 
WGPNMd.J)  =  NAME  OF 
WHEN  =  YEAR  OF  FIRST 
WORK  =  CODE  FOR  TREAT 

0  =  DO  NOTHING  T 

1  =  PLANT  OR  SEE 

2  =  THIN 

3  =  SALVAGE 

".  =  REGENERATION 

5  =  REMOVE  SEED 

6  =  REMOVE  OVERW 


.  AFTER  THINNING  TO  SPECIFIED  LEVEL  NOW  (1=11 

( 1=21. 
ION  OF  VEGETATIVE  TYPE  OR  USE  TYPE  NUMBER  I. 
BLOCK  I  AND  TIMBER  TYPE  J  BELOW  MINIMUM 

TIMBER  MANAGEMENT  AND  REGULATION. 
AP  SQUARES  IN  SUBCOMPARTMENT  I. 

BD.  FT.  CUT  FROM  SITE  I. 
U.  FT.  CUT  FROM  SITE  I. 
AGE  OF  PREVIOUS  OLEV(I)  LEFT  AT  AGE 
KING  GROUP  I,  CUT  J,  SITE  CLASS  K.  J=l  OR  2. 
IMAL. 

IGNED  TO  WORKING  GROUP  I. 
TION  OF  SILVICULTURAL  PRESCRIPTION  FOR 

WORKING  GROUP  I. 

GROWING  SEASON  AFTER  INVENTORY  WAS  MADE. 

MENT  IN  NEXT  PERIOD,  AS  - 

HIS  PERIOD 

D 


CUT 
TREES  OR  SHELTERWOOD 
OOD  AND  THIN  RESIDUAL 


COMMON 
ICFVOL 
2FCTR(2 
3HtST,k 
iSAVE ,S 
5 ,TMPQ 

COMMON 
1  )  ,  ALHBi 
2,eFI.NT 
3)  ,CUMA 
4FNCU(5 
5,NSI 15 
6RINT(5 
7SUBBF( 
RWGNUMI 

COMMON 
17) ,CUT 
2)  ,POCF 
37,27) 

COMMON 
1,15)  ,G 


ADD, AG 
DATE(6) 
F0MI2 
AK,KNO, 
BARB, SB 
TnT(?] , 

ABFAG( 
F ( 5) ,AM 
(5)  .CFA 
I (5) ,DB 
) iGRnwB 
) ,OPBD( 
)  ,SARSP 
5,  l*,)  ,S 
5) ,HGPO 

ACBAR  1 
B(7,27) 
R(7,27) 
TMTY(7) 

ACFNL( 
RMCl  5,7 


E(2) 

,DBH 

)  ,Fn 

MIN 

ARE 

TOTO 

5,  15 

CAG( 

GE(5 

HTH( 

(5,2 

5)  ,0 

(5) 

UBCF 

ES(5 

)  ,  A 

HEL 

PSP 

UNC 

5,7, 

15) 


,  AGEO 

(  2),D 

N(2) 

MNK,N 

SBARG 

,TOTT 

),ACI 

5,15) 

,15) 

5,U 

,!'•) 

PCU(  5 

SBF(  5 

1  5,  1<, 

20) 
RBk(7 
P(7,2 
LT(  7, 
ML(7, 
15),  a 
,PS(5 


BA(2) ,B 
BHE,OBHO 
FHT(2),F0I 
BK,NCMP,N 

SBAS,SIT 

TVL( 2),V 
NT(  5) , AOJ 
,ANCUT(5 
CFBF(5.1'. 
, DELAY! 5) 
GR0WC(5,2 
) , PAIBDI 5 
) , SMELT! 5 
) ,SUMCF( 5 
WGPNM(5,3 
),BARSII 7 
7) ,NSBKI 7 
27) ,PUNC( 
27) ,PABR( 
CRGNI 5, 7, 

7, 14), ST 


S( 2>,BAS0 
0BHT,DEN( 
RET( IT] ,F 
SUP,NWGP, 
E,  SLANO,T 
DM( 2) ,VLU 
( 5)  ,AGeTH 
1<.)  ,AREA{ 
) ,C0MBF(5 
,DENTH( 5, 
,l'i),GVLB 
]  ,PAICU( 5 
,  2,  1<.),  SH 
) ,SYST(5) 
)  ,SPNUM(5 
,  I'.  ),  BETH 
) ,nPEN( 7, 
7,27) ,SAR 
7) ,PARTY( 
15).ACSI( 
YP( 35) ,TY 


,BAST,BAUS,BFMRCH 
2)  ,OENO,DENT,DMUS 
VL( 2),HTI2),HTCUM 
PDBHE,PRET,PR0D(2 
BA( 2),TDM( 21, TEM 
S,DMR( 2) 

(5,1',),ALLCF(5,1<, 
5, 11) ,BDMAI( 5) ,BF 
)  ,COMCU( 5) ,CUCY(5 
11) ,DLEVI 5) ,FNBD( 
F(5),CVlCU(5),INV 
) ,POOR( 5) ,REGN(5, 
WD(  5,2,  U)  ■SMC(5) 
,THIN(5) ,VLLV(5,3 
) ,TPB( 5,7) ,PASP(5 
(7,27),CMTH( 7,27) 
27] ,PBRSI(7, 111,? 
ETY(7,35) ,SLVG(7, 
7,35) 

5,7,11),ACSP(5,7t 
PNM(35,5I,PASI (5, 


iBFVOL, 
,FBA(2) , 

,HTSO, 
),REST, 
TIME, TMBR 

I ,AL0MC(5 
AGE(5,15) 
l,CUINT(5 
5), 

5,3,1*1 
3.111. 
,SMSP(5I , 

11), 

7) 

CUTA(7,2 
0CFN(7,27 
27) ,SPLT( 

,GRBD(5,7 
7,11) 


COMMON  /OPT/  OPTION, ICT") 


COMMON  /BLKA/  ANBDFI 151), ANCUV( 15ll,BDFC( 150  I ,BDFO ( 150  I ,CFMC ( 150) i 
lCFM0d50)  ,CYCL,  IR0T,K4N,P01  ,PD2,0UAL(  11 )  ,ROTA,VLBF  (  11 ) ,  VLCU(  111 

COMMON  /BLKB/  PAFN ( 5 , 7, 1 5 ) , P ARGI 5, 7, 1 5 ) , 
1PBFT(7,27],PCMT|7,27),PCTA(7,27),PCTB(7,27I,PGBD(5,7,15I , PGMC (5,7. 
215),PHLP(7,27),POPN(7,27),PPBF(5,7,l5),PPCR(7,27),PPFN(7,27), 
3PPMC(5,7,15),PPTC(5,7,l5),PSLV(7,27),PTBFI5,7,15),PTCU(5,7,15), 
1PTMC(5,7,15) 

COMMON  /BLKC/  ANNAC,4NNB0,4NNCU,FINB(5) ,FINC( 5) , FNAC ( 5 ) , RGAC ( 5) , 
IRGBD 15) ,RGCU(5) ,SAHP(S),SANCUTI5),SATH(5),SBFR(5),SBH(5),SBSV(5), 
2SCA(5,7),SCB(5,7),SCN(5),SCNB(5,7],SCNT(25),SCR(5),SCRB(5,7), 
3SCRT (25) ,SCU( 5,7),SCUR(5),SFNL(5),SFR(5),SHL(5,7),SIDLA,SIDLB, 
1SIDLC,S0p(5,7),S0PTA(5),S0PTB(5] ,S0PTC(5) ,SSL(5,7),ST6S(25),STF0 
5(25),SThP(25),STHR(25),STLV(25) , STNC I  25 ) , ST0N( 25 ) , THAC( 5  I . THBD( 5) . 
6THCU(5),TCTAC(5I,T0TBDI5],T0TCU(5),SBM(5,7) 

COMMON  /BLKD/  IJ  ,  I K , K  I  , VOL , T VOL 

COMMON  /BLKE/  RAflOF(5),RABDI( 5),R4BDR( 5),R4BT(5),RACFN(5I  ,RACIT(5I 
1,RACRG(5),RATC(5),SRAB0,SRACF 

READ  VARIABLES  THAT  APPLY  TO  THE  WORKING  CIRCLE. 

CALL  BASIS 

INITIALIZE  VARIABLES  APPLICABLE  TO  THE  WORKING  CIRCLE. 

CALL  INIT 
MAKE  INITIAL  READING  OF  INVENTORY  RECORDS. 

CALL  SCAN 

CALL  APPROPRIATE  ROUTINE  TO  COMPUTE  AREAS. 

IF  (OPTION  .EQ.  1HAPS  )  CALL  MAPS 
IF  (OPTION  .EO.  1HREA1)  CALL  AREAl 
IF  (OPTION  .EO.  1HREA2I  CALL  AREA2 
COMPUTE  AREAS  OF  VARIOUS  SUBDIVISIONS  OF  WORKING  CIRCLE. 

CALL  LAND 

COMPUTE  CROWING  STOCK  GOALS  AND  AREA  CONTROL. 

CALL  GOAL 
COMPUTE  PRESENT  VOLUMES,  FUTURE  GROWTH,  ETC.,  FROM  INVENTORY  D4T4. 

CALL  GOT 
CALL  SUMS 

DETERMINE  DIFFERENCES  BETWEEN  PRESENT  FOREST  AND  GOALS.  PRINT  A 
GUIDE  TO  MANAGEMENT. 

CALL  SUMRY 
CALL  GIDEl 
CALL  GIDt2 
CALL  EXIT 
END 


23 


Slll.rOlllilH-      UASIS  "    rn^rt.'.,,!'"'-" 

SJBaujTiNi-  e»sis  ^      ■•'  continue 


C    (<E»D    C4RD    TYPE    8. 

C 


C    T3    RE4D    vmlftPLES    TH4I    APPLV    n    THE    rfnKKI\G    CI^CL 

CQXMON     400, i'.f  (?).AG?n,ll4l?l,l>»SI  ?). PAID. M4Sr,P»Ji,PFMSCH,PfVTL,  ^^     cnju.!*  I^JI  ,  '  "'^'^  "  '  '  '  °  ' 

ir.FV3L,34TE(sl  ,n3HI2)  .tlBHE  ,0nMa,DrtHT,r)ENl<fl.0EM3.UF^IT,D>*JS,FPt(2). 
2FCT»l^l,F0''(^l,F^)^i|^l,FHn2  1,F^RfT^19),FVL(2l,HT(2),HTCUKtHrSDI  ^ 

3HTST.K4K,K'10,Mn,'<NK.Nfl<,\CMP,NSja,Mwr,P,PnRHe,P*ET,PaQ0(2l,«EST, 
»S4VEtSB4RB,SP4'Ei5l<4f<G,Sn45,SITE.SL4SD,TI'4l2l  ,TDM{2I,TEH,  TIME  ifMBO 
5tT>1P0,T3T(2liT0Tn,TnTT,Tl/L(21,»'n»i(21,v^LJS,DMRI2)  ,„"!,']..,,.'*? 

COHHON    4BF42(5,l'i),4Cl\irii),tOJl  i),4r.ETH(  '),14),«LL:F(i,l<tl  .ALOWCfi 
ll,4LwBF(bl,4«C4GC5.1')).»>JCJT(S,l<.),4^E4l!;,l<.|,P3H41151,BF4-.EI'^,lSl 


SO     FOUHAT     I644) 
C    PRINT    P»&e    TYPE    4    -    RECnRD    DF    VALUES    READ    BY    THIS    »3UTI>IE. 


fcO    FORMAT    IIH1,///,61X,11HP4GE    TYPE    4  1 
WRITF     16, bS) 


2.8FlNTI5l,CF4GFis;U,.CFBF(5.U).rnMBF(5);£oicu(5..CJCYl5l,CUl>iT(5  ''^    f?';'*!     I  IHf- .  39X.  53HRE  CORD    3F    MANAGEMENT    DECISUNS    AND    CoRRENT    COND 

3l.:UMAn5I.DBHTH(5,l'.l,0EL4YI'i),LFNTMCi,l<.l,0LC>/('5).FNt<D(5),  'uRITE       6    7nl     IFHRFllll     1-1     101 

4FN;u(5),3«0HS(5,2,l<.l,GR.)rfCI^.2,14  1,&i/LPFIbl,GVL:Li|'>l.INVL('>.1,l'.l  cniuAT    .  I «       jo.    i  ali    «,    /  /  i 

5,NSH5  1.0PBDI5),onCU151.PAlnnl5l,P4ICU(5I.POORI5l,RE-.N(5,3.1<.),  '"    [,„,„'  ,2,^;    „*„    ""„       ' 

6RINT151.S4RSP(S),SPF(SI,SHrLT(S,2,l'I.SM.OI5,2,l<.l,SNC(5),SM<,P(5l, 

7SU8BF(5.14I  ,  SJPC  F  (S,  141, SJ»CF|S),SyST(  SI,  T1.IN(5).VLH((S,  1,141, 

BWJNUHI^)  ,uGP0ESl'),201,w&PN"li,31,SPNJMlS),TPpC5,71,P4SP(5,7) 

COMMON  4CBA«I7),4RBK171,B4^SI17,14I,HFTH(7,271,CMTH(7.27),CUT4|7,2 
l7),:UTBt7,27),HELP(7,271,NsnK(7l,OPEN(7,27l,PBRSl(7,14),PDCFN(7,27 
21  ,PDCFR17,2  7I  ,PSPLT|7,27I  ,PuNCI  ■',27l,S4ReTY(7,3SI,SLi/GI7,27),SPLTl 
37,27I,TMTY(7I  ,JNC«L(  ■',27I.P4BRl7l,P4RTY(7,151 

COMMON  4CFnl(5,7,ISI,ACR;N(S,7, 15I,a:SI (5,7,141 ,4CSPI5.7) .GRBO(5,7 
1,151,GRHCI5,7,15I,PS(5,7,14),STYPI35I.IYPNH(35,51,P4S115,7,14) 


COMMON    /DPT/    OPTION, ICT9 


00    1     1=1,5 
00    1    J=l ,3 
00    1    K=l,14 
INVUd.J.Kl    =    0 
RESNd  ,J,K1     =    0.0 
VLLVII,J,K|     =    D.O 
CONTINUE 
DO    5    1=1,5 
00    5    J=l,14 
4GEIH(I,J1    =    D.O 

nf^jHll'i!    -    o"n  "«"£     16,1151     IDELAY(II.I  =  1.NWGPI 


WRITE      16.751     NBK,NCMP 
75    FORMAT     IIH    ,  1  OX  ,  1 8HN1JMBER    3F    BLOCKS    -  ,  I  3,  32X,  24HNUM8ER    OF    ComP»B'm 
lENTS    -, 141 
WRITE     16,801     HIN,NWGP 
BO    FORMAT    (  1  HO  ,  1  OX  ,  3 1  HM  I  N I  M  JM    AGE    F3R    GROWING    STOCK    -  ,  I  3,  1  9x  ,  26HNUHaE, 
IR     OF    WORKING    GROUPS    -,14I 
WRITE     16,851     BFMRCH.TIME 
85    FORMAT     ( I  HO , lOX , 37HHI M MJM    M    BO.    FT.    FOR    GROWING    STOCK    -,F5.1.11«, 
134HLENGTH    OF    PLANNING    PERI3D,    YEARS    -,F4.0,/I 
WRITE     (5,90) 
90    FORMAT    ( IH0.55X,72H»-    ---------WORKING  G93UP 

1------------»1 

WRITE  (6.951  ( IWGPNHI I.JI, J=l,3), I=1,NWGP1 
95  FORMAT  (IM  ,55X,5( 3A4,3X1 I 

WRITE  (6,1001  (POORd  1,1  =  1, NWGPI 
100  FORMAT  (lH0,I0x,31HLOWFSr  SITE  CLASS  T3  BE  MANAGED, 14X,F 7. I ,4 ( 9X,F 
17.11) 
WRITfc  (6,1051  (CUCYd  1,1=1, NWGP) 
105  FORMAT  (IHO,10X,30HLENGTH  OF  CUTTING  CYCLE,  YE ARS, 1 5X, F 7. 1  ,4( 8X,F7 
1.1)  )  I 

WRITE  (6,1101  (AOJ( I)f 1=1, NWGP) 
110  FORMAT  (  IHO,  10x,34HLENGrH  OF  ADJUSTMENT  PERIOD,  YE  ARS  ,  1 IX  ,  r  7.  l  ,  <.  I  9 
1X,F7.1) 1 


C 

C     INITIALIZE     AREA    OPTION    FIELD    TO    BLANK. 

C 


115  FORMAT  (1H0,10X,37HEXPECTE0  DELAY  IN  REGENERATION,  YE ARS, 8X , F 7. 1  , 

1 (8X,F7.l I) 
WRITE  (6,120)  (THIN( I  I, l  =  l,NWGP) 
120  FORMAT  (  1HO,13X,35HSTOCKING  LEVEL  F3R  INITIAL  THI  NNI  NG,  1  3X  ,F  7  .  I  .  <• 

18X,F7.1) ) 


C  READ  CARD  TYPE  1.  "'I^^l'":'"'  '  """^  "  '  i' =  !  •:!''P^' 


C 


READ  (5,101  0PT10N,ICT9, IF3ReT{ I ), I-l,19) 
10  FORMAT  (1X,A4 , 11 ,1PA4,42 I 
IF(ICT9  .EQ.  01  ICT9  =  5 


125  FORMAT  (1HO,13X,35HSTOCKING  LEVEL,  SjBSEOUEnT  THI NN I MGS, 9X, F 7 . 1 . il 

18X,F7.1) I 
WRITE  16,1301  ICOMBFI I ), l=l,NWGPI 
130  FORMAT  (  IHO,  10X,33HMIN|MJM  COMMERCIAL  CUT,  M  BO.  FT  .  ,  1  2X  ■  F  7.  1  ,  4  I  i1< 

1.F7.1) ) 


c  READ  CARD  TYPE  2.  ,,.  !'Sl "  ' t :?.P ,'  ' "^^ill ' ! :'.:';:i:!S'! 


c 


135  FORMAT  ( IHO, 10X,31HMINIMJH  COMMERCIAL  CUT,  CU.  FT . ,  I  4X , F 7. 1 , 4 ( B« 
READ  (5,15)  ((TYPNM,,,J,.J=1,5>,1  =  1,35)  '^-^Wl     ,^^j^^,  ,  R  INT  I  I  )  ,  1=  1 ,  NWGP  ) 


C   "  FORMAT  (8I5A2)I  ^^^  FORMAT  I IHO , IQX, 34HLENGTH  OF  PREDICTION  PERIOD,  YE ARS , 1 1 K , F7. 1 , 4( 8 

C  READ  CARD  TYPE  3.  1X,F7.1)) 

C  WRITE  (5,150) 

READ    (5,20)    NBK,NtMP,NWGP,M[N,BFMRCH,T IME  150    FORMAT    ( IHQ , // , 1 1 X ,23HCJBI C    FEET     IN    HUNDREDS.) 

20    FORMAT     (4I4,2F4.2)  RETURN 

C  ENO 

C    00    LOOP    10    READ    A    CARD    GROUP    FOR    EACH    WORKING  GR3UP. 
C 

DO   45    1  =  1, NWGP  Siil>i-(>ulin<-     INIT 

c 

C  INITULUF  VARIABLES  TO  BE  READ  IN.  SUBROUTINE  INIT 

C  C 

AOJII)  =  0.0  C  TO  INITIALIZE  VARIABLES  THAI  APPLY  TO  WORKING  CIRCLE. 

COMSFd  I  =  0.0  C 

COMCUd)  =  0.0  COMMON  ADO, AGE(2),AGEO,BA(2l,BAS(2),BASa, BAST, BAUS,BFMRCH,BFvaL, 

CUCYd)  =  0.0  1CFV3L,0ATE(6)  ,0BH(2)  ,DBHE,DBHO,OBHT,OENI2l,DEN3,DENT,OMUS,F9»I2)i 

DELAYd)  =  0.0  2FCTRI2)  ,FDM(2)  ,FDNI21  ,FHT(2),F0RET(  19),FVL(  21,HI(2I,HT:iim,HTS3, 

DLEVd)  =  0.0  3HTST, K4K,KN0,MIN,MNK,NBK,NCHP,NSjfl,NwGP,P0BHE,PRET, PRODI  2  1, REST, 

POORd)  =  0.0  4SAVE,SBARB,SBAR£,S8ARG,SBAS,SITE,SLAND,TBA(2),T0MI  2),TEM,TIME,TI1Bi 

RINT(I)  =  0.0  5,TMP0,T0T|2)  ,T0T0,T0TT, rvL( 2) ,VOMI 21  ,VLUS,DM<(  21 

SPNUM(I)  =  O.C  COMMON  ABF4GI5,151,ACINTI5) ,40J(5I,4GETH(5, 14I,ALu:F(5,14),4L0WC(! 

THINd)  =  0.0                         ^^  II  ,ALWBFI5I  ,AMC4G(5,15),4VCJTI5,  14),AREA(  5,  141,BDMai  (51,BFAGE(5,H' 

C                                           ^^  2,BFINT(5)  ,CFAGE  (5,I5),CFRF|5,14),C0MBFI5I,C0MCU(5),CUCY(5),CU1'(T(5 

C  READ  CARD  TYPE  4.  3 ) , C UMA I  I  5  I ,OPHTH ( 5 , 14  I , OE L AY  I  5 ) , DF NTH ( 5 , 1 4 ) , DL E V  (  5 ) ,  FNflOl  5  I  , 

C  4FN:uI5) ,3R0WR(5,2,14I ,GR0WC(5,7,I4  1.GVLBFI5),GVL:uI51,INVLI5,),14) 

READ  15,251  (wGPNMd,Jl,J  =  l ,3),WGNUM( I),THIN(I),DLCV(I ),POOR(  I  I, CO  5,NSI(5l,OPBD(5),nPCJ(5l,PAIB0(5),PAICUI5),P00R(5),RF3Nl5,3,141, 

IMBF I  I ) ,COMCU( I),ADJ(|),DELAYIII,R|NT(I),Cu:yII),SPNUMII1  6RINT(5),S«RSP(5),SBF(5),ShELT(5,2,14),SHWOI5,2,14I,SMC(5I,SMSPI5I, 

25  FORMAT  (3A4,F5.0,4F4.1,F5.2,4F4.1,F4.0)  7suaBF(5,14l,SUBCF(5,14l,SJMCF(5l,SYSTI5),THIN(5),VLLVI5,3.l4l, 

C  8WGNJM(5),WGPDES(5,201 ,WGPNM(5,31,SPNUM(5I,TPB(5,7),P4SP(5,7) 

C  READ  CARD  TYPE  5.  COMMON  4CB4R  (  7  I , 4RBK I  71 , BAR s M ' , 14 ) , RF TH I  7, 27 ) , CMlHI 7, 27  I ,CUI 4( 7,2 

C  17),:uT6(7,27),HELP(7,27),NSBK(7),nPEN(7,27),pB^SI(7,14l,PDCFNI7,2T 

RE4D  (5,33)  (WGPDESI  I,KI,K=1,20)  2),P0CFR|7,27),PSPlT(7,27),PUNC(7,?7I,S4RfTY(7,35I,SLV&I7,27),<.''i'I 

30  FORMAT  (20A4)  37  ,  27  I  , TMT Y ( 7  I ,UNCML ( 7 , 27 ) , P48R( 7 ) , PARTY (  7, 35  I 

C  COMMON  ACFNL(5,7,15) ,ACR3N(5,7, 15) ,a:sI (5,7, 14) ,a:SP( 5,7),GRP 

C  READ  CONTROLS  FOR  REGENERATION  CUTS.   INCLUDE  UP  TO  14  C^ROS  FOR  EACH        1 , 15 ) ,GRMC I  5 , 7 , 1 5  I , PS  I  5 , 7 , 14 ) , STYP ( 35  I , I YPNM | 35, 5 ) , PAS  I ( 5, 7, 14 i 

C  WORKING  GROUP  TO  COVER  ALL  10-FOOI  SITE  INDEX  CLASSES  FROM  POORd)      c 

C  TO  AT  LEAST  HIGHEST  CLASS  P3SSIBLE.   END  WITH  A  BLANK  TYPE  6  CARD  IF          COMMON  /BLKO/  I  J, I K , K I , VOL , TVOL 

C  CLASSES  03  NOT  GO  To  140.  C 

C  IJ  =  0 

MPR  =  POORd)  «  C.l  >  0.45  IK  =  0 

^      DO  40  J=MPR,14  Kl  =  3 

MNK  =  0 
NSUB  =  0 

RE43  (5,351  REGNII  ,1, J) ,VLLVI  I  ,1, Jl,  |NVL(  I, 1,JI,REGN(  1,2, JI,VLLV{  I         SB4RE  -  0*0 

1,2, J) .INVLII ,2, J) ,RE&NI l,3,J)  SB4RG  -  c'& 

35  FORMAT  (F4.0,F5.3, I3,F4.D,F5.3, I3,F4.0)  SLANO  -  00 

IF(RE5N( I,l,J)  .EO.  0.0)  63  TO  45  Jj^    ^  j 


C  RE4D  CARD  TYPE  5. 


C 

C  READ  CARD  TYPE  7. 

C 

READ  (5,38)  AGETHd  ,  J  ) ,  OENTH(  I ,  J  I  ,  DBHTHI  I  ,  J  ) 


TMBR  =  0.0 
TMP3  =  0.0 
TVOL  =  O.D 

VOL  =  0.0 


2  4 


DO  5  1=1. NBK 

4C84RI I )  -  0.0 

AR8K(I 1  =  0.0 

>JSHK(  n  =  0 

P»BS( 1 )  =  0.0 

TMTYII 1  =  0.0 

00  5  J=l  .35 

PAi<rYII,JI  =  0.0 

5 

SA^ETYd.J)  =  0.0 

no  10  1=1,35 

10 

STYPd  )  -  0.0 

no  lb   ui.NHtP 

»cnT(  I )  =  0.0 

ALOMCI I )  =  O.C 

ALWBFII)  =  0.0 

HOHAI ( 1 )  =  0.0 

BFINTI  [  )  =  CO 

CU1>JT(  I  )  =  0.0 

CU>(A!  Ill  =0.0 

FNdDI II  =  0.0 

FNCU( I  1  -    0.0 

OPB0( 11  =  0.0 

OPCUII 1  =  0.0 

PAIBDI I  1  =  0.0 

PAICUI II  =0.0 

SYSTd  1  =  0.0 

00  15  J=l ,NBK 

ACSPd.Jl  =  O.D 

PASPd.JI  =  0.0 

TPBd  .J)  =  0.0 

00  15  K  =  l  ,1<, 

ACSI d ,J,K)  =  0.0 

PASI 1  I , J.KI  =  0.0 

PS( I .J.KI  =  0.0 

15 

CONTINUE 

no  20  1=1,NHGP 

00  20  J=1,NBK 

00  20  K=l,15 

ACFNLI I . J.K)  =  O.O 

ACRSNI I , J.KI  =0.3 

OPBOII.J.Kl  =  O.C 

20 

G^'<:d  .J.KI  =  ->.& 

no  25  1=1 .NBK 

DO  25  J=l,14 

BA^SI 1  I , Jl  =  0.0 

PS<Kil  d  .  Jl  =  0.0 

25 

CONTINUE 

DO  30  I=1,NH0P 

GVLBFCII  =  0.0 

GVLCUdl  =  0.0 

NSI 111  =  0 

SARSPIII  =  0.0 

SBFdl  =  0.0 

sued)  =  0.0 

SMSPd  1  =  0.0 

SUMCFI I  1  =  0.0 

DO  30  J  =  l.l<. 

ALLCFC I , Jl  =  0.0 

ANCJTI 1 . Jl  =  0.0 

AREAl l.JI  =  0.0 

CFBFI l.JI  =  D.O 

SUBBF (l.JI  =  0.0 

SUBCFd.Jl  =  0.0 

30 

CONTINUE 

DO  35  I=1,NH&P 

00  35  J=l ,15 

ABFAGd.JI  =  0.0 

SMCAGI l.JI  =  0.0 

BFAGEI l.JI  =  0.0 

35 

CFAiE( l.JI  =  0.0 

DO  40  1=1, NBK 

no  40  J=l,27 

BFTHCI ,JI  =  0.0 

CHT-ld  ,  Jl  =  0.0 

CUTAIUJI  =  0.0 

CUTB( l.JI  =  0.0 

HELP(  I  ,  Jl  =  0.0 

OPEN( 1 ,J1  =  0.3 

POCFNI l.JI  =  0.0 

POCFKC I , Jl  =  0.0 

PSPLTd.JI  =  0.0 

pun: 1 1 , Jl  =  0.0 

SLVGd,  Jl  =  0.0 

SPLTI l.JI  =  0.0 

UNCMLII.Jl  =  0.0 

".O 

CONTINUE 

no  45  1=1,2 

BA{ 1 1  =  0.0 

FCTad  1  =  0.0 

PHOOI  II  =0.0 

VO"! II  =  0.0 

-.S 

CONTINUE 

00  50  1=1, NBK 

DO  50  J=l,2 

00  50  K=1.14 

GP3HBI I , J.KI  =  0.0 

GRJWCI I , J.KI  =  0.0 

SH5LT 1  I , J,KI  =  0.3 

SHWD(I,J,K1  =  0.0 

50 

CONTl NUE 

RETURN 

END 

"luliroutitie    SCAIN 

SUBROUTINE  SCAN 
TO  MAKE  PRELIMINARY  FXAMINAIION  OF  IN\/FNTORY  RECORDS. 


COMMON 
ICFl/OL.O 
2FCT5I21 
IHTST.KA 
"•SAVE, SB 
5,TMP0.T 

C )MM JN 
1  1  .ALweE 
2,BF INTI 
3I,:UMAI 
4FNCUI5I 
5. NSI 151 
iRINT 151 
7SUBBFI 5 
8HCNUH(5 

COMMON 

171  ,:un> 

21  ,P0CF? 
37,271 ,T 

COMMON 

l,15l,Ga 


ADD,  A 
ATE  Ih 

FnMi 

.KNO 
AkO.S 
0TI2I 
ABr  AG 
(51  .A 
51  ,CF 
151.0 
.GRIIH' 
,OPBD 
,SA.<S 

I  ,WGP 
ACBAB 
(7,27 
17,27 
MTY(7 
ACFNL 
MC  15, 


GE(2  1,ARE 
I  ,n'<H(21, 
?)  ,ECNI2I 
,min,m';k, 
base.sbak 

, TOTO, TOT 
(  5 , 1 5  I  ,  AC 
MCAG(5,15 
(5,151 
BHrH(S,l<. 
P (5,2, 141 
(51 ,OPCU( 
P(51 ,SPF( 
SUnCF (5,1 
0ES(5,?3| 
(71,ARBK( 
1 ,HEUP(7. 
1  ,PSPLTI7 
I  ,UNC«L(7 
(5,7,151, 
7,151 ,PS( 


71, 

271 

,27 

,271 

ACRu 

5,7, 


BAS( 
BHO,DB 
1 ,FnRE 
MP.NSJ 
,SirE, 
21  .I/O- 
A0J(5 
T15,14 
5,  14 
Y  (  5  I  ,  n 
15,2,1 
B 1)  (  5  I  , 
LT(5,2 
CF(51 
(5,31 
SI(7,1 
BKI 71, 
UNC(7, 
ABR(71 
5,7,  IS 
1  ,STYP 


21,BAS 

T,nEN 
Td<)l, 
B,N.JGP 
SLANn, 
(21  ,«!. 
I,AGET 
1  , A3EA 
COMBF( 
ENIHI5 
4  l,GtfL 
PAICU( 

141, S 
SYST(5 
SPN1IM( 
41, SET 
nPEN( 7 
271 .SA 
, PARTY 
I, ACSI 
(351. T 


],BA 
(21, 
FVL( 

POB 
Tha( 
US,D 
H(  5, 
(  5,1 
51, C 

141 
BFI  5 
51, P 
HHD( 
1  ,TM 
51  ,T 
HI  7, 

271 
RETY 
1  7,  3 
(  5,7 
YPN 


ST,B 

OENO 

21  ,H 

HE.P 

21  .T 

MR(2 

141, 

41, B 

OMCU 

,DLE 

I.GV 

00R( 

5,2, 

IN(5 

PB(  5 

271 

,PBR 

(  7,3 

51 

,  141 

(35, 


BFMRCH.BFVOL, 
T,0MUS,FB»(2), 
,hTCUM,HTSD, 
Pl0n(21  ,REST, 

OMI 21 .TEM.TIME ,TMBR 

1 


AUS, 

DENT 
T(21 


ALLC 
DMAI 
(51  , 
VI5I 
LCUl 
51, R 
141  , 
I  ,VL 
,71, 
CMTH 
Sll  7 
51, S 


FI5,14I,AL0WC(5 
(5I,BFAGE(5,15I 
CUCY15I ,CUINT(5 
,FNBD( 51, 
51, INVL(5, 3, 14, 
EGN(5,3,141, 
SMCI5I ,SMSPI5I , 
LY(5,3,  141, 
PASPl 5, 71 
(7,271 ,CUTA(7,2 
,141 ,PUCFNI 7,27 
LUGI7, 271 , SPLTI 


, a:SPI 5,71 ,&RBOI 5,7 
5I,PASI(5,7,141 


COMMON  /OPT/  OPTION, ICT5 


READ  INVENTOkY  RECORDS  fO"     CARD  TYPi  9  TO  COUNT  THEM  BY  BLOCK,  TYPE, 
ETC.  LAST  RECORD  IS  CARD  TYpF  10  XITH  IBK  =  99  T3  SUP  PROCESSING. 


10  READ  ( ICT 
INTYP , WORK 
221  ,A&E(21 

15  FORMAT  II 
1D.E2.1,F3 
IFI IBK  .E 
SPLT IIBK, 
IFIACRE  . 
PSPLTI IBK 
GO  TO  22 

23  SARE  TYII P 
PARTYI  1 BK 
TMIYI IBKl 

22  ISl   =  ISl 
IFIISI  .L 
IF ( NTYP 
IF ( ACRE 
BARSI (IBK 
GO  TO  10 

25  PBRSI ( IRK 
GO  TO  10 

30  IFIvtTYP  . 
IF(NTYP  . 
IFINTYP  . 
IF ( NTYP  . 
IFINTYP  . 
IFIACRE  . 
ACSI (KAK, 
PASP(KAK, 
GO  TO  40 

35  PS( KAK, 1 

40  IF  ISITE 
IFIACRE 
UN:ML( IBK 
GO  TO  10 

45  PUMCIIBK, 
GO  TO  10 

50  IFI ICT9 


9,151  IBK,KnMP,ISUB,QTRl,0TR2,SECT,T0UN,RANG,SITE,STRY, 

,FISC,0R^dl,HTI^I,nENIll.ACE(ll,nMR(ll,DRHI^l,HTI21,0ENI 

,nMRI2l , ACRF ,WHFN 

2,I4,I3,3A3,2A4,F3.O,F1.0,I2,Fl.o,F4.O,F3.1,F3.O,F5.O,F3. 

.l,F3.3,F5.0,F3.0,F2.l.f5.1.F4.01 

0.  991  GO  TO  53 

NTyPI  =  SPLT IIBK, NTYPI   .  l.C 

GT.  O.Ol  GO  TO  23 

.rjTYPl  =  PSPLTI  IRK  .NTYP  I  ♦  1.0 

NTYPI  =  SAREtY( I BK.MTYPl  ♦  ACRE 
, NTYPI  =  PARTYI I BK, NTYPI  •  ACRE 

=  TMTYIIRKl  »  ACRE 
TE  »  4.51  •  0.1 
T.  11  GO  TO  10 
LE.  251  GO  TO  33 
EO.  0.01  GO  TO  25 

ISl 1  =  BARSI IIBK, ISl I  •  ACRE 


ISl  I  =  P6PS I  I  IBK,  ISI 1 


l.C 


.AND.  NTYP  .LT. 


61 


5  .AND.  NTYP  .LT.  HI  KAK  =  2 


161  KAK  =  3 
211  KAK  =  4 
261  KAK  =  5 


GT.   ID  .AND.  NTYP  .LT 

GT.  15  .AND.  NTYP  .LT 

GT.  20  .AND.  NTYP  .LT 

EO.  0.01  GO  TO  35 

IBK.ISII  =  ACSI  ( KAK,  IBK,  IS  I  1  »  A 

IBKl   =  PASPl KAK,  IBK  1  »  ACRE 

K,ISI I  =  PSIKAK, IPK, ISI I   *  1.3 
GE.  POORIKAK II  GO  TO  10 
EO.  0.01  GO  TO  45 
NTYPI   =  'INCHL  I  I  DK.NTYPI  *  ACRE 

NTYPI  =  PUNr  I  InK,\irYPl  ♦  1.0 

NE.  51  REWIND  ICT9 


COUNT  NUMBER  OF  SITE  CLASSES  FOR  EACH  WORKI^IG  GROUP. 

00  95  I=1,NWGP 

CD  =  POORI II  •  O.I 

DO  90  K=l ,14 

M  =  15  -  K 

AB  =  M  *  1 

IFIAB  .LE.  cm  GO  TO  95 

DO  85  J-1 .NBK 

IFI ACSI ( I , J, Ml  .GT.  0.31  GO  TO  8C 

IF(PS( I.J, 

GO  TO  S5 
80  NSI  II  I  =  AB  -  C 

GO  TO  95 
85  CONTINUE 
90  CONTINUE 
95  CONTINUE 

no  130  I=1,NWGP 

DO  120  K=l ,14 

IFIREGNI I ,?,K1 
123  CONTINUE 

GO  TO  130 
125  SYSTII 1  =1.3 
130  CONTINUE 

RETURN 

FMn 


8  lib  roil  line    MAPS 

SUBROUTINE  MAPS 
C 
C  TO  COMPUTE  AREAS  FROM  TYPE  AND  suBCO^PARThENT  MAPS. 


T.  0.01  GO  ro  80 


GT.  0.31  GO  TO  125 


COMMON  AD0.AGEI2l,AGF0,eAl?l,BASI2l 
ICFVOL, DATE  161  ■0Ph(21  , OPHE , DBHO, OBHT 
2FCTR(21,Fn'«l2l,FnNI2l,FHT(2l,fORETI 

3Htst>kak,kno,min,'<nk,nr«,n:mp,nsjb, 

4SA/E,SBARfl,S"AR£,SflAaG.SBAS,Sir:-,SL 
5,TMPO,TOTI2  1,TOTn,TOTT,TJLI2  1,i/n^1|? 

COMMON  AbrAGI5,i5l  ,AC  INT( 51 , AOJI  51 
ll,ALWBFI51,AMCAG('"i,15  1,A\lCJT(5,14l 
2,RFlNr(5l,CFAGFI5.l51.CFR=l5,14  1,C0 


,BASD, 
,nFNI2 
191, F\/ 
NWGP. P 
AND,TP 
1 , VLUS 
AGETHI 
ARFAI 5 
MBFI 5  1 


BAST 
1,0E 
LI21 
DPHE 
Al  21 
,OMR 
5,  14 
141 

cnM 


,BAUS 

NO,DE 

HTI  2 


BFMRCH 
NT.DMUS 
1  ,HTCUM 
PRET,PR0DI2 
21  ,TEM 


,TOMI 
121 
I, ALL 

,HDMA 
CUI5I 


CFI5,14 
I  151, BF 
,CUCYI5 


,BFvOL, 

,FBAI2I, 

,HTSO, 

1,REST, 

TIME.THBR 

).AL0WC(5 
AGEI5,151 

l,CUINTI5 


25 


C  CDUVERT  K4P  CODES  TO  DISOLAV  CDOE  ANO  SIGHT  JUSTIFY.  OCTSl.  CODE  WILL 
C  V40Y  KITH  MODEL  OF  COMPUTE". 


?)  ,:UMAI  (51  ,0BHTHl5,l'.l,DELiYISI  .DEM^H(S,1<.),DLEW(5I,F^^B0(5I,  nO  95  1  =  1,30 

*FSCU(5I  .KRflXHCiiriUI  .Gi«UuC(5,2,l'.l,G\/LBF(5),r.VLCU(5),lNVH5.3,l'.l  AajSCIIl  -    UNITIII  •  SCALE 

5,NS1  (SI  ,0PH0151,nPCu(5),PAIBniSI,PAICUI '>l,Pl3Kl5l,»Fr.N(5,},li.l,  SA<SC  =  SA«SC  •  ARFSCIO 

6RlNT(5  1,SAc<SPlSI,SRF(SI,5MELI(S,?,14|,SMHni5.2tl<.).S>!C(5liS'<SP(SI,  .,5  CONTINUE 

7SU8RF(S,l<il  ,SU0CF(5,1<,)  ,SUVCF(5|  ,SYST(Sl.tHI\(SI,VLLv/(S,(,l<.),  C 

flHGNUHIS)  ,nr.POES(S,?0)  ,-(&''N>'(S,?l,<;PNJM(S)  ,TPB(S,  7),P4Sp(S,7)  C  COUNT  NUMBER  OF  SlJHCnMpARTMENTS  IN  A  BLOCK. 

COMMON  ACBAR(7) ,ARBK( 7) ,(1A<SI 1 7, 14),BFTH( 7,27),C«TmI 7, 271 ,CUTA( 7,2   C  COMPUTE  INDEX  FDR  PRINTING  S JBCOMPART MENT  AREAS. 
17),;uTB(7,27I,HELP|7,27).NSBK(71  ,0PFN(  7,27I,PB»SI17,14|,PDCF\I(7,27   C 

2t  ,PaCFi*(7,27)  ,pSPLr(7,?7)  ,PUNC(7,27)  ,5A^ETY(7.l5liSLVK(7,27l,SPLT(  DO  lOO  1=1,30 

37,27) ,THTY(7) .UNC"L( 7,?7I .PABR( 7) ,PA»TY( 7. 3SI  MN«  =  1 

COMMON  ACFNL(S,7,15),AC*iN(S,7,  ISI,a:SI(  S,7,1'.I,a:SP(5,7|  ,r.RBD(S.7  IFIAPE5C(II  .EO.  D.Dl  GO  TT  105 

1,15)  ,5RHC(5,7,151  ,PS(5.r,l'.)  .STYpI  ■!5  1,TYPNM(35,5)  ,PASl  (5.7,1<,)  IOC  CONTINUE 

C  105  NSBKIKBK)  =  NSBK(KBK)  ♦  MNK  -  1 

DIMENSION  KSUB(36, 361 .KTYPI 36.361 ,A^FSC( 30), ARETyI 351, :va( 351 ,SUBT  IF(ARESC(351  .GT.  D.?)  NSBK(KBK)  =  NSBKIKBO  »  1.0 

IY(30) ,UNIT(30I,GKUPI^>  TFM  =  MNK 

C  MNK  =  TEM  •  0.5 

DO  5  1=1. NBK  C 

DO  5  J=l,35  C  PRINT  TYPE  AND  SUBCOMP ART  ME  NT  M»PS,  IF  DESIRED. 

5  SA^ETYd.Jl  =  0.0  C 

C  150  IF(MAP  .to.  0)  GO  TO  ^50 

C  READ  CARD  TYPE  11.  C 
C 

READ  (5,10)  MAP, SCALE 

10  FORMAT  (14, Fh.*)  C 

C  00  175  1=1, 3h 

C  REPEAT  LOOP  FOR  EACH  COMPARTMENT.  DO  175  J=l,36 

C  IF(KTYP(I,J)  .LT.  II  GO  TO  160 

00  500  K0L=1,NCMP  IF(KTYPII,JI  .LE.  '(I  GO  TO  165 

C  N  =  C 

C  INITIALIZE  VARIABLES  APPLICABLE  TO  A  COMPARTMENT.  155  N  =  N  »  1 

C  KTYPI 1 ,JI  =  KTYPI I ,J1  -  10 

DO  15  1  =  1,30  IF(KTYPII,JI  .r.T.  91  GO  TO  155 

AR£SC( I  I  =  0.0  GO  TO  170 

SU8TYII)  =  0.0  160  KTYPd.JI  =  5555B 

15  UNI TII 1  =  0.0  GO  TU  175 

00  20  I=1,NHGP  165  KTYPd.JI  =  KTYPII.J)  .  2907 

20  GRJPdl  -  0.0  GO  TO  175 

DO  25  1=1,36  170  KTYPII.JI  =  KTVPII,JI  •  ?7 

DO  25  J=l,36  KTYPII.JI  =  KTYPd.JI   •  1  N  «  6<.  .  172R1 

KSUBI I , Jl  =  0  175  CONTINUE 

25  KTYP(I,JI  =0  00  200  1=1,36 

no  30  1=1,35  DO  200  J=l,36 

ARETYIII  =  0.0  IFIKSUn(I,J)  .LT.  1)  GO  TO  185 

CVRdl  =  0.0  IF(KSUBII.J)  .LE.  9)  GO  TO  190 

30  CONTINUE  N  =  0 

ARECP  =  0.0  180  N  =  N  ♦  1 

Ba:«E  =  0.0  KSUBd.J)  =  KSUB(l.J)  -  10 

SARSC  =  0.0  IFIKSJBd.JI  .GT.  91  GO  TO  180 

C  GO  TO  195 

C  READ  COMPARTMENT  DATA  FROM  CARD  TYPES  12,  13,  AND  1«.  185  KSUBd.J)  =  5555B 

C  LOGICAL  UNIT  3  HOLDS  THE  TAPE  JiTH  MAPS  IF  TAPE  IS  USED.  SO  TO  200 

C  190  KSUB(I.J)  =  KSUBIl.JI  «  2907 

READ  13.351  KBK. KOMP, NROW  GO  TO  200 

35  FORMAT  (31'.)  195  KSUBII.J)  =  KSUBd,J)  ♦  27 

READ  (3.40)   (  (KTYPI  I  ,  Jl  ,  J  =  l  ,361  .  I  =  I,NRn,J)  KSUB(I,JI  =  K5URII,J)  •  I  N  »  64  ♦   1728) 

40  FORMAT  (36(2)  200  CONTINUE 

READ  (3,40)  (  IKSUOl  I.  J),  J=1.36].  I  =  l,NROt<l  C 


PRINT  PAGE  TYPE  5  -  TYPE  AND  S JBCOHPARTMENT  MAPS  AND  AREAS. 


C  COMPUTE  TYPE  AREAS  AND  TOTAL  AREA. 

C  C  PRINT  TYPE  MAP  AND  TYPE  AREAi. 

DO  50  I=1.NR0K  C 

no  45  J=l.36  WRITE  (5,2501 

IF(KTYP(I,J)  .LE.  0)  GO  TO  45  250  FORMAT  ( 1  HI , / .62X ■ 1 IhPAGE  type  51 

MNK  =  KTYP(I,J)  write  (6.255)  ( FORE T I  I ) . '  =  1 . 1 9 ) 

CVR(MNK)  =  CVR(MNK)  ♦  1.0  255  FORMAT  (IH  . 30X , 1 P A4 . A2 ) 
45  CONTINUE  W-(ITf  (6.260)  KOMP.KHK  I 

50  CONTINUE  260  FORMAT  (IH  .49X,27HTYPC  Mjp  OF  COMPARTMENT  NO. , 1 4 , 25X.9HBL0CK  NO. ,  1 

DO  55  1=1 ,35  112./)  I 

ARETy(I)  =  CVR(I)  •  SCALE  DO  270  I=l.NHOw 

SARETYIKBK.I I  =  SARETYIKBK, I  I  *  ARETYIII  WRITE  (6,265)  ( KTYP ( I , J ) , J= 1 , 36 ) 

ARECP  =  ARECP  »  ARETYd)  265  FORMAT  (IH  .28X.36R2) 

55  CONTINUE  270  CONTINUE 
C  WRITE  16.2751 

C  COMPUTE  AREA  OF  EACH  WORKING  GROUP  AND  DEFORESTED  AREA.  275  FORMAT  ( 1  HO .  1  7x ,  1  OHCOVFR  TYPE.  1  3«  ,  5HACR ES.4X,  IH»,  6X,  IOhCOVER  TYPE, 
C  113X,5HACRES.4X,lH«,6X,10HCnVER  TYPE , 1 3X, 5HACRES , / ) 

M  =  1  DO  285  1=1.10 

N  =  5  J  =  I  *  15 

DO  65  1=1  .NWGP  N  =  1  ♦25 

DO  60  J=M.N  WRITE  (6.2^01   I  ,  I  TYPNMl  I  ,  K I , K  =  l , 5  I  , 45 c T Y I  I  I  , J, (  T YPNM( J, K  I  , K  =  1 ,5  I , 

GRUPd)  =  GRUPd)  ♦  ARETY(J)  ^  lARETYl  J)  ,N,  (TYPNM(N,K|  ,K=1,5)  ,AR£TY(N) 

60  CONTINUE  280  FO»"AT  (  1  .<  ,  1  5X  ,  I  2  . 2  '  .  5  A2  ,  4  X  ,  F 1  2  . 1 ,  4X  ,  1  H«  ,  4x  ,  I  2  ,  2X ,  542  ,  4X  ,  F  1  2  . 1  . 

M  =  M  »  5  14X,1H»,4X,I2,2X,5A?,4X,F17.1) 

N  =  N  ♦  5  285  CONTINUE 
65  CONTINUE  DO  295  1=11,15 

BARE  =  ABETYI25)  ♦  ARETYI27)  WRITE  (6,290)  I  , I T YPNM ( I , K ) , K  =  1 , 5  I  , A» EI Y I  I  ) 

ACBAR(KBK)  =  ACBAR(KBK)  ♦  (>ARE  290  FORMAT  (IH  ,  1  5X  ,  I  2  ,  2<  ,  5A2  ,  4x  ,  F  12  . 1  ,  4X  ,  1H«  ) 

DO  70  1=1, NWGP  295  CONTINUE 

ACSPd.KBKI  =  ACSPd.KBKI  »  GRUP(I)  WRITE  (6.3001  ARECP 

70  CONTINUE  300  FORMAT  ( IHO . 99X , 1 OHTOT AL  ARE  A, 2X , F 12 . 1  I 

ARBK(KBKI  =  ARBKIKBKI   »  ARECP  WRITE  I6.3C5I 

C  305  FORMAT  ( 1HC.39X,57H«»»»»«»»»«»««»»   AC'ES  BY  WORKING  GROUPS   »•••• 

C  COMPUTE  SURCOMPARTMENT  AREAS  AND  TYPES.  1«.........)  ( 

C  WRITE  (6,3101  ( (WGPNM( I, Jl. J=1.3I. I=1.NWGP)  " 

DO  75  1=1. NWGP  310  FORMAT  ( IHO , 34X , 5 ( 344 ,3X ) ) 

IFIGRUPdl  .GT.  0.01  GO  TO  80  WRITE  (6,3151  (  G'!  JP  d  I ,  I  =  1  .NWGP  I 

75  CONTINUE  -.  315  FORMAT  (IH  ,  31X  ,  5  (  F  17  .  1  ,  3X  )  ) 

IF(B4RE  .GT.  0.01  GO  TO  80  WRITc  16,3201  8AaE 

m^K  -    0  320  FORMAT  (1H0,5X, IflHDEFORESTED  ACRES  -,F12.1) 

GO  TO  150  C 

80  00  90  I=l,NROW  C  PRINT  SU8C0MPARTMENT  "APS  AND  RELATED  04T4. 

DO  85  J=1.36  C 

IF(<SUB(IiJI  .LE.  0)  on  TO  85  IFIMNK  .EQ.  01  GO  TO  500 

NOS  =  KSUBd.J)  WRITE  16,250) 

UNIKNOSI     =    UNITINOSl     ♦     l.O  WRITE     (6.3501     (  FORFT  (  I  I  .  I  =  I  .  191 

IF(SUBTY(NOS)     .NE.    0.0)    GO    TO    fl5  350    FORMAT    (IH    . 1 6X , 18 A4 , A2 ) 

SUBtYINOSI    =    KTYPd.JI  WRITE     (6,355)    KOMP,KRK 

85    CONTINUE  355    FORMAT    (IH    ,  45X  ,  37HS1IRC  DMPARTMENT    MAP    OF    COMPARTMENT    NO. .  I  4  , 2  CX ,  9M 
90    CONTINUE  IBLOCK    NO. .12./)  ■ 


26 


2Ri?FM'2h5r(K<,UBII     Jl      1-1     3(,l  *"*  '  "     "'•"'i'     I  I  WOPNM  (  I  ,  J  I  ,  J=  I  .  3  1  .  I  =  1  ,  N-CP  ) 

rn     T,         l'"^  IKbllul  i  .Jl,  J-lf  :>t>l  575     F351AT     (IH     ,  2  X ,  ItlMfl.  ,  »>X  ,  5HftCR  ES  ,  <• «  .  «HS  UBCnHPr  ,  6X  ,  6HBaUSHV  ,  6X , 

360    CONTINUE  I  (.H",  R  ASS  Y  .  7  X  , 'jHT  01  41  ,  •>  X  ,  5  (  34<. ,  1  X  1  I 

WRlTt     (6,36!.l  „,f        |(,,S30I 

36S     FO<«AT     (  lH0.16X,n-<5UPCDHP.  ,SX,  10HC0\/Fk     T  V  PF  ■  1  CX  ,  SH  AC  *  E  S  , '.  X  ,  I  lit  ,  «.«  ,  ^gg     FQif>1AT     (IHO) 

isHSjncoMp. ,6x,iohCOvEB  ryPE.iox.^HAC'ES./ I  pj  5,^  i'i.nrk 

00  385  1  =  1, MNK  WRITE  I6,'>fl5l  1  ,  AR  RK  (  I  )  ,  NSBK  I  1  1  ,  S  AR  F  T  Y  I  I  ,  ?5  )  .  SARE  T  V  I  I  ,  2  7  1  , 

in:     :     cimTYfTI  IACBARIII,(ACSP(K,I1.K  =  1,NW-.PI 

nuL  -  iuiiiru  5f,5  fqRIAT  (  IHO,  2  X,  I  2  ,  3X  ,  f  10.  1  ,  <.x  ,  l  5  ,  <.x,  F  ]  0.  1 ,  2X  ,  F  1  0.  1  ,  2x  ,  F  10  .  1,  2x, 

JAM  =  SUBTY(JI  1SI3X,F10  1)1 

IFIMOL  .EO.  0)  r.Q  TO  390  „g  CONTINUE 

IFIJAM  .EQ.  01  GO  TO  375  WRITE  (6.5951  SL  AND.NSUB.  SBAR8,  SliARG,  SbARE.  (  SMSP  (  |  1  .  1  =  1 ,  NWi,P  ) 

WRITE  16,3701  l,SUBTYlll,(TYPNM(P0L,K),x  =  1.51,»RFS:(ll,J,SUBTYIJI,  „,  f-,,,^^  I  1  HO  ,  /  /  ,  3X  .  5HT  OT  AL  ,  F  10  .  1  ,  <,X  ,  I  5  .  ^X  ,  F  1  0.  I  ,  2X  F  10  .   2  X  , 

1ITYPNM(JA",M,K=1,5I,ARESC(JI  ,  p  .  -,  ,..x.5IF10  1.3X11 

37c  FORMAT  IIH  ,  1  9X  ,  1  2  ,  6X  ,  F  3  .  0  .  2  X  ,  5  A2  .  4X  ,  F  9  .  1  ,  <.X  ,  IH«  ,  7  X  ,  I  2  ,  6  X  .  F  3  .  0  .  2  X  ,         .  .  .i.        i^.l.j 

15A2,*X,F9.1I 


KETUkN 
END 


r.O  TO  3R5 

375  WRITE  (6,3801  I  ,  S  JP  T  Y  {  I  I  ,  (  T  YP  NM  (  «0L  ,  K  1  ,  K  =  1  ,  5  I  ,  AS  E  SC  (  I  1                          .      .„,-., 

380  FORMAT  (IH  ,  19X,  I2.6X.F3.C.  2X,5a2  .'.X.F').  1  ,<.X,  1H»  I  .>ll  1)  I'O  U  1 1 II  f   AKLAl 

385  CONTINUE 

390  WRITE  (6.3951  SASSC  SUBRQUTINF  AREAl 

395  FORMAT  ( 1  HO , 82X . 1 OHTOT AL  A? c A , 2 X . F 9 .  1  I  C 

WRITE  16,3051  C  TO  COMPUTE  AREAS  FOR  WORKING  CIRCLE  FROM  TOTAL  AREA  OF  EACH  TYPE  IN 

WRITE  (6,4051  1  ( WGPNMl 1 , J  1 ,  1=1, 31  ,  1= l.NW&Pl  C  EACH  COMPARTMENT. 

405  FORMAT  ( 1  HO, 34X , 5 ( 3  A* , 3 X  I  1  f 

WRITE  (6, '.101  (GR.IP(  I  I  ,  1  =  1,NWGP  I  COMMON  ADO,  AGE  1  2  1  ,  AGEO,  BA  (  2  I  ,  BAS  (  2  I  ,  BASO,  BAST  .  BAUS  ,  BFHRCH,  8FV0L  > 

410  FORMAT  (IH  ,31x,51F12.l,3xn  1 CF VOL , DATE (6 ) ,D8H( ? 1 , DRHE , DBHO, OOHT, nEN( 2  1 , 0EN0,0ENT ,OmuS,FBA I  2 ) . 

WRITE  (6,4151  PARE  2FCTR ( 2 1 , FDM| 2 1 , FnN( 2 1 , FHT ( 2 1 , FOR E T 1 19 ) , F VL ( 2 1 , HT 1 2 1 ,hTCUM ,HTSO, 

415  FORMAT  (  1  HO , 5 X ■ 1 8HDEF OR ES T E D  ACRES  -, F12.il  3HTST ,kAk , KNO , "1 N . MNK . NRK , NCMP . NS JP. NWGP. PDBHE , PRE T , PRODI  2  I , BE  ST, 

GO  TO  500  4SAVE .SBARB.SBARF ,SBA»G.SBAS.5 ITE. SL ANO.TSAl 21 ,T0M1 21, TEM, TIME .Tmbr 

c  5,rMPQ,rori2i,TOTn,TnTr,T^L(2i,vnM(2i,vLus,PM»(2i 

C  PRINT  PAGE  TYPE  5  -  AREAS  ONLY  IF  '^APS  NOT  D6SIRE0.  COMMON  ABF  \G  (  5  ,  1  5  )  ,  AC  INT  (  5  1  ,  ADJ  (  5  1  ,  AGE  TH  (  5  ,  14  1  ,  ALL  CF  (  5  ,  1  4  I  ,  AL  OWC  (  •; 

C  11,ALWBF(5),AMCAG(5,151,ANCJT(5,141,AREA15,141,BDMAI(5I,BFAGE(5,151 

450  WRITE  16,2501  2 ,BF I  NT ( 5 ) , CF AGE ( 5 . 1 S 1  . CFBF ( 5 . 14  I , COMBF ( 5  I  . COMCU ( 5  I , CUC Y( 5  I  ,C Ul NT  1 5 

WRITE  (6.2551  (FORET( I  1 . I =1 , 191  3 1 . C JMA I ( 5 1 . DBHTH ( 5 , 14 1 . OE L AY  1 5  I , DENT H ( 5 , 14  I , DLF V ( 5  I , F NBO ( 5  I , 

WRITE  (6,460)  KOMP.KBk  4F  N",  U  (  5  )  ,  GROwB  ( '' ,  2  ,  1  4  I  ,  GROWC  (  5  ,  2  .  1  4  I  ,  GVL  BF  1  5  )  .  GVL  CU  1  5  )  .  I  NVL  (  5  .  3  ,  1  4  ) 

450  FORMAT  IIH  ,46X,29HTYPE  ARpAS  OF  COMPARTMENT  NO  .  . I  4 , 24X , 9HBLUCK  NO         5 , NS I  1 5 ) , OPBD ( 5 )  ,0PCU 1 5 ) , P A  I  BO  I  5 ) , P A  I CU ( 5 ) , POOR (  5 )  , ^ E GN ( 5 , 3 , 1 4 )  , 

l.,121  6Rl\|ll5l,SA«SP(5l,SnF(51,SHELT15,2,l4l,SH.vn(6,2,l4),sMC|5l,SMSP(5), 

WRITE  (6,275)  7SUPBF(5,14I,SI)RCF(5,14),SUMCF(5),SYST(51,TH1N(5),VLLV(5,3,141, 

DO  465  1=1.10  8WCNJMI51 ,hGP0ES( 5,201  ,WGPNM(5, 31 ,SPNUM( 5 1 ,TPB(5,7I .PASP( 5. 71 

J  =  1  ♦  15  COMMON  ACBAR( 7) , ARPKI 7) ,rarS I  1 7, 14), BfThI 7, 271 ,CMTH( 7,271  ,CurA( 7,2 

N  =  I  ♦  25  171 ,CUTB( 7,27) ,HELP( 7. 27) ,NSBK( 7) , nPEN( 7, 27) ,PBRSI ( 7, 14) ,POCFN( 7,27 

WRITE  15,2901  I.(TYPNM(I,K1,K=1,5),ARETYIII,J.(IYPNM(J,K),K=1.51.  2I.P0CFR(7,27I.PSPLT(7,271,PUNC(7,271,SARETY(7,351,SLVG(7,27I,SPLT( 

1ARETY(J1,N,(TYPNMIN,K1,K  =  1,5I,ARI=IYINI  37,27  1,TMTY(7l,UNCML(7,27  1,PABR|7  1,PARTY(7,35) 

465  CONTINUE  COMMON  AC  F  NL  1  5  .  7  ,  1  5  )  .  AC  RGNl  5  .  7.  1  5  |  ,  AC  S  1  (  5  .  7.  1  4  I  .  A  C  SP  (  5  .  7  1  . '.R  BD  1  5  ,  7 

no  468  I=U.15  I  .15  I  .iRHC  (5,  7,  15  1  ,  PS(  5,7,  14)  ,STYP  (  35  I  ,TYPNM(  35,  51  ,PAS1  (  5,  7,  141 

WRITE  (6,2901   1  ,  (  TyPNMI  1  ,K  1  ,K  =  1  ,•;  )  ,  AS  f  TY  (  1  )  C 

458  CONTINUE  DIMENSION  ARET Y ( 35 ) ,&RUP( 5 ) 

WRITE  (6,3001  ARECP  C 

IF(MNK  .EQ.  01  GO  TO  500  DO  5  1=1, NBK 

WRITE  (6,4701  (FnRET(  I  1, 1  =  1, 191  DO  5  J  =  l,35 

470  FORMAT  (  I  HO , / / , 16X , 1 B A4 , A2 1  5  SARETYII.JI  =  0.0 

WRITE  (6,4751  KQMP,KBK  KOUNT  =  0 

475  FORMAT  (Ih  , 2 7 X , 34HSIIBC OMP AR T M5NT S  OF  COMPARTMENT  NO. . I  4 , 2 IX , 9HBL0  DO  155  K0L=1,NCMP 

ICK  NO. ,121  C 

WRITE  (6,3651  C  INITIALIZE  VARIABLES  APPLICABLE  TO  A  COMPARTMENT. 

DO  485  1=1 ,HNK  C 

J  =  I  ♦  MNK  -                       ARECP  =  0.0 

MQL  =  SUBTYIll  '                  BARE  =  0.0 

JAM  =  SUBTYI J)  DO  10  l=l,NWGP 

IFIMQL  .EO.  0)  GO  TO  490  10  GRUP(1>  =  0.0 

IFIJAH  .EO.  0)  GO  TO  480  C 

WRITE  (6.370)  I ,SUBTY(( I , (IyPNM( "OL.K  ) ,K=1.5I, ARFSCI  I  1. J. SUBTYI Jl ,   C  kEAD  AREA  OF  e«Ch  TYPE,  ONE  COMPARTMENT  AT  A  TIME. 

1 (TYPNM( JAM.KI ,K=1 ,5) , ARESC( J)  C  DATA  CARD  TYPES  15  AND  16. 

GO  TO  4B5  C 

480  WRITE  (6.380)   I  , S JHTY (  I  I  ,  ( T YPNM( MOL , K  )  , K  =  1 , 5 1  , AR E SC (  I  )  "EAD  (5,15)  KBK.KOMP 

485  CONTINUE  1''  FORMAT  1214) 

490  WRITF   16,3951  SARSC  "cAO  (5.20)   ( AR E I Y (  I  I  , I  =  1 , 3 5 1 

WRITE  (6,3051  ?0  FORMAT  (lOFa.l) 

WRITE  (5,3101  (  (W-,PNM(  I  ,  Jl  ,  J=l  ,  31  ,  1  =  1  .NWGP)  C 

WRITE  15,315)  (CRUP( I  1 . 1  =  I,NWGP)  C  SUM  AREAS  OF  TYPES  TO  GET  COMPARTMENT  AND  BLOCK  TOTALS. 

WRITE  (6,320)  BARF  C 

C  DO  25  1=1,35 

C  WHEN  STAND  AREAS  ARE  KNOWN  AND  INVENTORY  DATA  REFES  TO  THE  SIAND,  SARETy ( KBK, I  I  =  SARETY I KPK ,  1  )  »  ORETYIll 

C  VALUES  OF  ARFSCdl,  KBK,  AND  KOMP  MAY  PE  EXTRACTED  AT  THIS  POINT  FOR  ARECP  =  ARECP  ^    ARETYdl 

C  MACHINE  ADDITION  OF  AOESCIIl  TO  APPROPRIATE  INVENTORY  RECORDS.  25  CONTINUE 

C  M  =  l 

500  CONTINUE  N=5 

C  00  35  1=1, ^W&P 

C  GET  WORKING  CIRCLE  TOTALS  FROM  BLOCK  TOTALS.  DO  30  J=M,N 

C  GRUPIII  =  GRuPIIl  *    ARETYIJ) 

00  550  1=1, NBK  30  CONTINUE 

DO  550  J=l,35  M  =  M  t  5 

550  STYP(J)  =  STYP(JI  •  SARETYII.J)  N  =  N  ♦  5 

DO  555  1  =  1, NBK  35  CONTINUE 

SBARB  =  SBARB  ♦  SARETY(I,26l  BARE  =  ARcTY(26l  »  ARETY(27) 

SBARG  =  SBARG  »  SAaETYll,27l  AC8AR(KBK)  =  ACBAR(KBK)  •  PARE 

SLANO  =  SLAND  •  ARPK(I)  DO  40  1=1, NWGP 

NSUB  =  NSUP  ♦  NSBK(II  40  ACSPIUKGKI  =  ACSPII.KBK)  ♦  GRUPIll 

00  555  J=1,NWGP  ARBKIKBkI  =  ARBK(KBK)  .  ARECR 

555  SHSP(J)  =  S"SP(J)  •  ACSP(J,I1  C 

S8ARE  =  SBARB  ♦  SBARG  C  PRINT  PAGF  TYPF  5  -  AREAS  OF  TYPES  AND  WORKING  GROUPS  BY  COMPARTMENT. 

DO  558  1=1, NBK  C  KOUNT  CONTROLS  PRINTER  TO  GET  2  COMPARTMENTS  PER  PAGE. 

TEM  =  0.0  C 

DO  555  J=28,35  KOUNT  =  KOUNT  t     1 

'556  TEM  =  TEM  t    SARcTY(l,Jl  IFIKOUNT  .GT.  1)  GO  TO  35 

553  TMPO  =  TMPO  >  ARBKIII  -  TFM  WRITE  (6,7;) 

C  70  FORMAT  (IHl,   62X,11HPAGE  TYPE  51 

C  PRINT  PAGE  TYPE  6  -  SJMMARY  OF  BLOCK  AND  WORKING  CIRCLE  AREAS.                    WRITE  (5,751   ( F ORF T (  1  )  ,  I  =  1  ,  1 9 1 

C  75  FORMAT  ( 1  HO , 30X , 1 8 A4 , A2 1 

WRITE  16,560)  WITE  (6,30)  KOMP, KBK 

560  FORMAT  (  1  H  I  ,  /  / // ,  5  9X  ,  1 1  hP  AGE  TYPi  6  1  -^0  FORMAT  (  IHO  ,  48X  ,  29HT  Y  PF  AREAS  OF  COMPARTMENT  NO  .  ,  I  4  ,  2  4X  ,  9M6L0CK  NO 

WRITE  (6,565)  1.,I2I 

565  FORMAT  ( 1  HO , 44 X , 40HI OT AL  AREAS  OF  BLOCKS  AND  WORKING  CIRCLE!                GO  TO  100 

WRITE  (5,255)  I  FOP ET ( I ) , I  =  1 , 1 9 )  85  WRITE  (6,751  ( FOREt ( I  1 , 1  =  1 ■ 19 ) 

WRITE  16,5701  W'TE  15.951  kOMP,KBK 

570  FORMAT  llHO,//,2X,5HBLnCK,5X,5HT0TAL,5X,6HNUMBER,6X,31H«  PLANTABLF  95  FORMAT  ( IHC, / , 49X , 29HTYPE  AREAS  OF  COMPARTMENT  N0.,I4,24X,  9HeL0CK 

1  ACRES  FOREST  SOIL  . , 7X , 60H»««««»»«  FOREST  AND  REGENERATING  BY  W3R  1  NO., 121 

2KING  GROUPS  »»»*«»♦•.)  105  WRITE  (5,105) 
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105    FORMAT     IIHC,  17x,  IDHCOVr^    T  YPe  .  nx  ,  5H«CKE  S  .  «.X,  IH«,  6<  ,  l&MC  jvr  R    lYPF  no    5    1  =  1, N8K 

1  ,UXt5M4C'>FS,<.x,  ln»,kx,  I3ii:0\/F^    tYPE.  13X,SM4:itES,/ I  SPL(II     =    0.0 

DO  115  1  =  1  ,n  ')   coNii-jue 

J  =  1  ♦  IS  TMPO  =  O.D 

N  =  I  ♦  25  C 

waiTF  (6,1101  I  ,  (rvPN''(|  ,KI  ,K=.1,5)  •»'<FIV{  II  ■  J.  (  irPNIi  J,K)  ,K  =  1  ,5)  ,4  C  K£»0  »<E»S  OF  BLOCKS  A«40  OF  NON-IIHBCR  rvPFS. 

IRFTYIJI  ,N,  ITyP'iM(s,K|  ,K=l,5l,Ai(EIV(N)  C  OAI»  CA^O  TYPES  17  ANO  IB. 

113  FORMAT  (IH  ,15X,  l2,2x,SA?,<.x,H2.1,<iX,  IH»,<.X,  I2,2X,5S2,'.X,FW.1,  C 

1«X,1H»,4X,I2,2X,5A2,'.X,F12.1  1  »EA3  15,10)   I  ABBK  (  I  )  ,  I  =  1 ,  NBK  1 

115  CONTINUE  ID  FrUMAT  (7Ffl.ll 

00  125  1  =  11,15  rin  20  1  =1  ,IJBK 

WRITE  16,1201  l,(TYP'IM(  I,KI,K  =  l,51,ARcTY(  I  I  READ  (5,15)  (  SARF  T  Y  I  I  ,  J  ) ,  J  =  29,  35  ) 

120  FORMAT  (IH  ,15X,I2,2X,5A2,«X,F12.1,',X,1H»)  15  FORMAT  (BF8.1) 

125  CO'^TINUE  2C  CONTINUE 

WRITE  16, nO)  ARECP  C 

130  FORMAT  (IH  ,  1C2X.1?HT0TAL  A).  FA,  2x  ,  f  9.  1  I  C  COMPUTc  TOTAL  AREAS  OCCUPIED  BY  TIMBEK  TYPES. 

WRITE  15,1351  C 

135  FORMAT  (  IHO ,  39X ,  57H««»«»».. ..«••••   ACiES  BY  W3^KIN3  r.RQuPS   •••••  DO  30  1=1, NBK 

i**«***«*«*)  Te^^  =  0,0 

WRITE  (6,140)  I  (wiPNMd  ,J).  J=l,  3)  ,  I  =  l,Nwr.PI  DO  25  J  =  28,35 

UO  FORMAT  I  IHO,  3<.x,5(  3A<.  ,  JX)  I  25  TfM  =  TEH  *  SAREIYII.J) 

WRITE  I6,1<.5I  (CRUPd  ),I  =  1,NHGP)  TMTYII)  =  ARBKII)  -  TFM  -  rHlrll) 

145  FORMAT  (IH  , 31 X , 5  I F 1?  .  1  , 3X )  )  '0  ^""0  =  TMPO  *     ARBKII)  -  IFX 

WRITE  (6,150)  BARE  '^ 

150  FORMAT  (1HO,5X,18HDEFORESTED  ACRES  -,F12.1)  '^    TOTAL  PLOTS  BY  BLOCK. 

IFIKOUnT  .iC.    2)  KOUNT  =0  C 

155  CONTINUE  DO  35  1=1, NBK 

C  00  35  J=l ,27 

C  GET  WORXlNr,  CIRCLE  TOTALS  Fin"  BLOCK  TOTALS.  35  SPL(I)  =  5PL(I)  »  PS"LT(I,J) 

C  C 

DO  2O0  1=1, NOK  C  COMPUTE  TYPE  AREAS  WITHIM  FACH  BLOCK. 

DO  20D  J=l,35  C 

200  STYPIJ)  =  STYP(J)  ♦  SAReTY(l,JI  00  45  1=1, NBK 

00  205  1=1, N8K  IFISPL(I)  .EO.  0.0)  00  ID  45 

S8ARB  =  SBARB  ♦  SARETY(I,26l  TEM  =  TMTYd)  /  SPLIII 

SBARG  =  SP4R0  »  SARETY(I,27)  DO  40  J=l,27 

SLANO  =  SLAND  »  ARBKII)  SA»ETYII,J)  =  SAOETyll,J)  *  IPSPLT|I,J)  «  TEM) 

DO  205  J=1,NWGP  40  CONTINUE 

SHSPIJ)  =  SMSPIJI  ♦  ACSPIJ.II  45  CONTINUE 

205  CONTINUE  C 

SCARE  =  SBARB  •  SBARG  C  SUM  TYPE  AREAS  TO  GET  BLOCK  AND  WORKING  CIRCLE  TOTALS. 

DO  215  1=1, NBK  C 

TEM  =  0.0  DO  50  1=1, NBK 

DO  210  J=28,35  DO  50  J=l ,35 

210  TEM  =  TEM  ♦  SA.(ETyII,j)  STYPIJ)  =  STYPIJI  «  sARETYIl.jl 

215  TMP3  =  TMPO  «  ARBKII I  -  TE"  50  CONTINUE 

C  DO  55  1=1, NBK 

C  PRINT  PAGE  TYPE  6  -  SJMMARY  JF  AREAS  BY  "ILOCK  AND  WORKING  CIRCLE.  SDARB  =  SBARB  t    SARETYII,26) 

C  SBARG  =  SBARG  ♦  S4RETY(I,27| 

WRITE  16,240)  ACBARd)  =  ACBARII]  ♦  SAREIYII,26)  ♦  SARFTYII,27I 

240  FORMAT  I  IHl  ,////, 5<)X,  UhPAGE  TYPf  6)  55  CONTINUE 

WRITE  16,2451  no  65  I=l,NftK 

245  FORMAT  I  IHj , 44X ,4DHTnT AL  A«EAS  OF  BLOCKS  AND  WORKING  CIRCLE)  M  =  l 

WRITE  16,250)  IFHRETI  I).  1=1.19)  N  =  5 

250  FORMAT  (  IHO,  20X,  IS  A4,  A2  1  00  55  J  =  l,tjWGP 

WRITE  (6,255)  00  50  K=M,N 

255  FORMAT  (lM3,//,2x,5HBlOCK,'»X,5riTaTAL,  11X,31H»  PLANTA3LE  ACOES  F3<e  50  ACSPIJ,I)  =  ACSPIJ.I)  »  SAR6Tv(I,K) 

1ST  SOIL  •,10X,60h»«««»«»»  FOREST  AND  RfGENERAT I N'  BY  WORKING  GROUP  M  =  M  •  5 

2S  ••»»•••••)  H  =,  M  ♦  i 

WRITE  (6,260)  I ("GPN"(I , J),J=l,3) , I=l,NrtGPI  65  CONTINUE 

250  FORMAT  (H  ,  2x  ,  3HN0.  ,  "Jx  ,  5HACRES  ,  12X,  6HBRUSHY,  6X  ,  5HC' ASSY,  7«,  SBARE  =  SBARB  ♦  SBARG 

15HT0TAL,8X,5I3A4,1X) )  DO  70  1=1, NBK 

no  275  1=1, NBK  SLAND  =  Sl«ND  ♦  ARBKII) 

WRITE  (6,265)  DO  70  J=l,NWGP 

255  FORMAT  (IHO)  SMSP(J)  =  SMSP(J)  »  ACSPIJ,II 

WRITE  16,270)  I , ARBKI I ) , S ARETYI I , 26 ) , SARFTY ( I , 27 ) , ACBA^ (I ) , ( ACSP ( K  70  CONTINUE 

I, I  I ,K=1,NWGP)  C 

270  FORMAT  I IHO. 2X, I  2 , 6X, Fl 0. 1 , 7X ,F10 . 1, 2X. F 10. 1 , 2x , F 10. 1 , 5X, 51 3X ,F 1 0.  C  WRITE  PAGE  TYPE  5  -  AREAS  OF  TYPES  k iO    liDRKING  GROUPS. 

Ill)  C 

275  CONTINUE  WK I T6  15,75) 

WRITE  (6,290)  SLANO, SBARB, SBARG, '^BARE,  (S*SP(  I  I,  1  =  1, NwGP)  75  FORMAT  I  IHl ,////,  SOX  ,  U  HP  AGE  TYPE  51 

280  FORMAT  I  1HO.//,3X,5HTOTAL,  3X,F10.  1  .TX.Fn.l  ,?X,F10.1,  ?X,F  n.  1  ,  WRITE  16,80)  I  FORE  T  I  I  )  ,  I  =  1 ,  1  9  I 

18X,5IF10.1 .3X) )  80  FORMAT  I 1H0.4SX .32HARE AS  OF  TYPES  IN  WORKING  CIRCLE/IH  ,27X,18A4,» 

RETURN  12,/1HG,17X,10HC0VER  TYPE . 1 1 X , 5HACR ES , 6X. 1M«. 5X, 1 OHCOVER  TYPE.11X.5 

END  2HACRES.6X,lH»,6X,IOHCnVER  TYPE , 11 X , 5HACRFS, / ) 

DO  90  1=1,10 

Subroutine   AREA2  J  =  i   .  15 

N  =  I  ♦  25 

SUBROUTINE  A9EA2  WRITE  15,851  I . ( TYPn" I  I . K ) , K  =  1, 5 ) , STYP ( I ) , J , ( TYPNM (J,K ) , K  =  1 ,5 ) , 

C  1STYP(JI.N,( TYPNH1N,K1 ,K=l,S),STyP(N) 

C  TO  COMPUTE  TYPE  AREAS  WHFN  COMPARTMENT  AREAS  ARE  NOT  KND/.N.  85  FORMAT  I  1 HC ,  1 5X ,  I  2  . 2  X  ,  5  A2  ,  4x  ,  F 1  2 .  1 ,  4X  ,  1  H«  ,  4X  ,  I  2 .  2X  ,  5A2  .  4X  ,  F  1 2  .  1  ■ 

C  14X,1H«,4X,I2.2X,5A2,4X,FI2.1  ) 

COMMON  ADO, AGE(2I ,A&E0,BAI2) ,DAS(2), PASO, BAST, 3AJS,BFMRCH,BFV3L.  90  CONTINUE 

ICFVOL.DATE 16) ,DBHI2) ,OBHF,DBM0,DPHT,0FN( 2),nEND,DENT,CMUS,FaAI 2),  DO  100  1=11,15 

2FCTR12),FOI'(2l,FONI2),rHT(2),FORfT(19),FVL(2),HTI2),HT:uM,HTSO,  WRjTE  (6.95)  l,(TyPNMd.KI,K=l,5l,STYPIII 

3HTSr,KAK.KNO,M|N,'«NK,NBK,N:HP,NSJP.NWG'>,PD9H£  ,PRET,P«00(2),»f  ST,  95  FORMAT  11  HO  ,  1  5x  .  I  2  ,  2X  ,  5A2  .  4X  ,  F 1  2 . 1 ,  4X  ,  1  H«  1 

4SA\/E  ,  SBARB, SBARE  ,S9AKG,SBAS, SITE,  SLANO,  IBA(  2)  ,TOM(  21  ,  TEM,  TIMf:  ,TMnR  100  CONTINUE                                                             J 

5,TMPD,TOTI2l  ,TnT0,T0TT,Ti;LI2l  ,VD''I?),VLJS,DMR(  2)  WRITE  16,110)  SLANO 

COMMON  ABFAG(5,15 I ,AC INT(5I , AOJI 5), AGFTH( 5, 14) , ALLCFI 5. 14) ,AL0WC(5  110  FORMAT  ( IHO, 99X, 1 DHTOTAL  ARE A,2X , F 1 2 . 1 ) 

1),ALWBF(5),AMCAG(5,1S),ANCJT(5,14),AR'-A(5,14),HDMAI|S)  ,BFAGEI5,15)  WRI  TE  16,120) 

2,8FINTI  5) ,Cf AGE  (5,15) ,CFHF(5. 14) ,C0MP,F(5 I ,COMCJ( 5) ,CJCY(5  )  ,CUINT( 5  120  FORMAT  I IHO , // , 39X, 57H««»»»««»«»»«»»»   ACRES  BY  WORKING  GROUPS 

31 ,:UMAI (5) .DBHTH(5 ,14),DFLAY(5),rFNTHI5,14),DLE^(5l,FNPD(5),  1. ..».., •..«.») 

4Fn;U(5)  .GR0i<B(5,2,14)  ,GRDWC(5,2,  14  l,GVLBF  I5I,GVLCUI5)  ,INVL(5,3,14)  WRITE  (6. 130)  (  IwGPNMI  l,J).J=1.3l,  I  =  1,NWGP) 

5,NSI(5),0PBDI5),OPCLI(5),PAIBn(5),PAICUI5l  ,PO0»(  5),REr.N(5,3,14),  130  FORMAT  (1H0,34X,5I3A4,1X)) 

5RINT(5),SARSPI5).SBF(s),SHELT(5,2,14),SHhD(5,2,14),S''C(5I,SmSP(5I,  WRITE  16,1401  (SMSP(I).I  =  1.NWGP) 

7SUB8FI5.14)  ,SUBCFI5,14),iUMCF(5),SYSTI5).THI\i(5).VLLV(5,3,14l  ,  140  FORMAT  IIH  ,  31X  ,  S(  F  12  . 1 ,  3X  )  ) 

BwCNUM(5),wGPDES(5,20) .WGPNM(5.3).SPNilM(5I.TPB(5,7) ,PSSP(5,7I  WRITE  (5,150)  SBARE 

COMMON  ACBARI  7)  ,  Ai>BK(  7)  ,BARSI  I  7,  14).eFTH(  7.27)  ,CMTH(  7,27)  ,CUTA(  7,2  150  FORMAT  ( IHO  ./,/,/,  5X  ,  1 BHD6F0REST  EO  ACRES  -, F12.il 

17),:uTbI7,27),hFLP(7,27),NSI>KI7),OPENI7,27),PPRSI|7,14),POCFN17,27  c 

2) ,P0CFR(7,27) .PSPLTI7,27) ,PijNC(7,27),S«RETY(7,35),SLVG[7,27),SPLT(  C  PRINT  PAGE  TYPE  6  -  SJMMARY  OF  AREAS  BY  BLOCK  AND  WORKING  CIRCLE. 

37,27) ,TMty|7) ,JNCML( 7,27) ,paBR( 71, PARTY( 7,35)  C                                                               ' 

COMMON  ACF>jL(5,7,15),ACR">N(5,7,15).ACSI  (5.7.UI.ACSP(5,7)  ,GRB0(5,7  WRITE  (5,200) 

1,  15)  ,GRMc 15, 7,15) .PS(5,7, l4 I .STYP(351 .TyPNM(35,5),PASI  (  5,  7,14)  200  FORMAT  1 IHl ,////, 59X,  UHPAGE  TYPf  6) 

C  WRITE  (6,205) 

DIMENSION  SPLIT)  205  FORMAT  I IrtO, 44X ,40HTOTAL  AREAS  OF  BLOCKS  AND  WORKING  CIRCLE) 

C  WRITE  16,210)  IFORETI I), 1=1.191 

C  INITIALIZE  VARIABLES  DEFINED  BY  THIS  SUBROUTINE.  210  FORMAT  IIH  , 27X , 18 »4, A2 ) 

C  WRITE  15,215) 
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?15  FORMAT  (lHO,//,2X,5HBLOCK,eX.5HT0TAL, 11X,31H»  PL4MTABLE  ACRES  FORE  120  FORMAT  IIHOI 

1ST  SOIL  »,10X.60H«*«««»»«  FOREST  AND  REGENFRAT I  >4G  BY  WORKING  3R0UP  KOLifgT  >  1 

2S  .♦.......)  00  155  1=1, NBK 

WRITE  16.2201  ((WGPNH(I,J),J=l,3|.l=l,NHGP)  IF(ARBK(II  .EO.  D.D)  GO  To  IS5 

220  FORMAT  (IH  ,2X,3HN0.,9X,5HACRES,UX,6HBRUSHV,6X,6HG<aSSY,  TX.SHTDTA  KOuNT  =  KOUNT  «  1 

1L,9X,5C3A<,,1XI  I  IFIKODNT  .EQ.  <.  I  GO  TO  125 

no  235  1=1, NBK  GO  TO  135 

WRITE  15,225)  125  WRITE  (6,130) 

225  FORMAT  (IHO)  1  JO  FORMAT  I IHl ,// , 55X, IRHPAGE  TYPE  7,  CONT.,//) 

WRITE  (6.230)  l.ARBKI I I.SARETYI I,25),SARETY( I,27i,ACBAR(I ) ,(ACSP(K  WRITE  15.115]  I ( WGPNM ( K . J ) , J= 1 , 3 | , K= 1 , NWGP ) 

1,1  >,K=1,NWGP)  WRITE  (6,120) 

230  FORMAT  ( 1H0.2X,I2.6X.F10.1.7X.F10.1.2X,F10.1,2X,F10.1.8X.F10.1.3X,  135  DO  150  J=l,l'i 

1F10.1.3X.F10.1,3X,F10.1,3X,F10.1)  HNK  =  J  •  10 

235  CONTINUE  WRITE  16,1<.0)  I  ,  MNK,  RARSH  I ,  J  )  ,  (  ACSI  (  K.  I ,  J  )  ,K=1,NWGP) 

WRITE  (5,2<.0)  SLAND,SBARB,SBARG,SBARE.  (SMSP(  I  ).  I  =  1,NWGP)  1<.0  FORMAT  (IH  .  6  X  ,  I  2  , 1 6X  .  I  3 .  1  OX,  FIO .  1 ,  2X  ,  5t  5X,  F 10  1)1 

2<.0  FORMAT  (1HO,//.3X,5HTOTAL,3X,F10.1,7X.F10.1,2X,F10.1,2X,F10.1.  IF(MNK  .LT.  1<,D)  GO  TO  150 

18X,5(F10.1 .3X))  WRITE  16,120) 

RETURN  150  CONTINUE 

END                                             ,  155  CONTINUE 

WRITE  (6,lft0)  SPARE, (SMSPI 1 ). 1=1, NWGP) 

Siiitroiiline    LA^'D  ""^  format   (iho,//,iox,5htotal,21x,fi2.i,2x,5(3x,fi2.i)  ) 

SUBROUTINE  LAND  C  ASSIGN  PART  OF  DEFORESTED  AREA  TO  EACH  WORKING  GROUP. 

C  C 

C  TO  COMPUTE  AREAS  OF  VARIOUS  SUBDIVISIONS  OF  THE  WORKING  CIRCLE.  DO  215  1=1, NBK 

C  TEM  =  0.0 

COMMON  AoD.AGE(2) . AGE0.8A(2) .BAS(2) ,BAS0,BAST,8AUS,BFMRCH,6FV0L,  DO  200  J=1,NW0P 

1CFV0L,0ATE (5) .0BH(2) .DBHE.DBHQ.DBHT.OENI 21,DEN0, DENT,DMUS,FBA( 2) ,  200  TEM  =  ACSPIJ.I)  ♦  TEM 

2FCTR(2) ,FDM( 2 ) ,F0N(2 ] ,FHr (2 ),FOReT( 19),FVL( 2) ,hTI 2) ,HTCUM,HTSO,  1F(TE»  .EO.  0.0)  GO  TO  215 

3HTST,KAK,KN0,MIN,MNK,NBK,  NCMP,NSUB,NWGP,PDBHE,PRET,PROr)(  2  )  .REST,  00  210  K  =  1,NWGP 

-.SAVE. S8ARB,SBARE,SBARG,SBAS, SITE, SLAND,TBA(2),T0M(2), TEM, TIME, TMBR  FF  =  ACSP(K,I)  /  TEM 

5,TMP0,T0TI2)  ,T0T0,T0TT,TVL(21  ,VDM(2),VLUS,0MR(  2)  00  205  J=l,l<, 

COMMON  ABFAG(5,15),  ACINTI  5)  ,A0J(  5),AGETHI  5,1<.),ALLCF(5,1',)  ,AL0WC(5  4CS1(K,I,J]  =  ACSUK,I,J)  •  BARSKNJ)  •  FF 

l],ALWBF(5),AHCAGI5,15),ANCUT(5,l<.),AREA(5,U),B0M«I(5)  .BFAGE(5.15)  205  CONTINUE 

2.BFINTI5).CfAGE(5.15).CFBF(5,1<.),C0MBF(5),COMCU(5),CUCY(5),CUInT(5  210  CONTINUE 

3),:uMAI(5l,DBHTH(5,l'i),0ELAYI5),DENTH{5,l<>),OLEV(5),FNiBD(5),  215  CONTINUE 

4FNCUI5)  ,GR0wB15  ,2,1<,]  .GROWCI  5,2,  1<.  ],GVLBF(5),GVLCUI  5)  ■  INVL  15,  3.1<,)  DO  220  I=1.NWGP 

5.NSI  (5)  .0PB0(5)  .0PCU(5).PAIB0(5)  ,PaiCUI5)  ,P0OR(  5)  ,REGN(5,3,1<.),  DO  220  J  =  1,NBK 

5RINT(5)  ,SaRSPI5)  ,SBF(5)  ,SHELT(5,2,1<,>,SHWD(5,2,1',),SMCI5),SMSP(  5)  ,  DO  220  K  =  l,n 

7SUBBF(5,1<,)  ,SUBCF(5,1',)  ,SUMCF(5),SVST|5),TH1NI  5),VlLVI5,3.1<.)  ,  220  SARSPII)  =  SARSPd)  ♦  ACSKI.J.K) 

8WGNUM(5)  .WGPOES(  5,20)  ,WG"NM(  5,3)  ,SP\|UM(  5)  .TPBI  5,  7)  ,P«SP(  5,7)  On  225  KAK  =  1,NWGP 

COMMON  ACBAR(  7)  ,4RBKI  7)  ,BARSI(7,  1',],BFThI  7,27)  ,CMTH(7,27)  ,CUT4(7,2  00  225  1  =  1, NBK 

17)  ,CUTb(7,27)  ,HFLP(7,27)  ,N5BK(7)  ,0PENl7,271,PBRsI(7,  1<,).PDCFn(7,27  DO  225  J  =  l,li, 

2)  ,POCf RI7,27)  ,PSPLTI7 ,27) ,PUNC(7,27],SARETY(7,35),SLVG(7,27) ,SPLTI  225  AREA(KAK,J)  =  AREAIKAK,J)  *  ACSI(KAK,I,J) 

37,27),THTY(7),UNCML(7.27),PABR(7),PARTYI7,35)  RETURN 

COMMON  ACFNL(5.7,15).aCRGN(5.7.15).ACSII5.7.1<.),a:spI5,7),GRBD(5,7  END 
1,15).GRMC(5.7.15).PS(5,7.1<.),STYP(35).TYPNM(35.5),PASI(5.7,1<,) 

C    COMPUTE    AREAS    NOT     IN    SUBCOMP  ARTMENT  S    Of    KNOWN    AREA.  SllbrOUlilie     GOAL 
C 

DO    5    I=1,NWGP  SUBROUTINE    GOAL 


,NBK 


C 


PASP(I,J)  =  ACSP(I,J)  -  PASP(I,J)  "^  fO  COMPUTE  GROWING  STOCK  NEEDED  TO  MEET  MANAGEMENT  38JECTIVES. 


DO  10  1=1, NBK 


C 


00  10  J=l,35  COMMON  ADD.AGEI 2 ) , AGE0,BA(2 ) ,BAS(2) ,BASO, BAST.BAuS.BFMRCH.BFVOL. 

10  PARTY(I.J)  =  SARETYII  J)  -  PARrY(l  J)                                          1 C F VOL , DATE ( 6 ) , DBH ( 2 ) , DBHE , OBHO, DBHT , DEN ( 2 ) , DENO , OEnT , DMUS , FBA ( 2 ) . 

DO  15  1=1  NBK         '              '  2FCT9 (2) ,FDM(2] ,FDN(2) ,FHri2),F0RET(19),FVL(2),HTI2),HTCUM,HTS0, 

DO  15  J=l'25  3HTSr, KAK,kN0,m1n, MNK, NBK, NCMP, NSJB, NWGP, PDRHE,PRET,PR00(2), REST. 

15  TMBR  =  SARETY(I,J)  <■  TMBR  <,  SA  VE  ■  SBAR  B  ,  SB  ARE  ,  SBA»  G,  SB  AS  ,  S  I  T  E  ,  SL  AND ,  T  BA  I  2  )  ,  T  DM  (  2  ) .  TEM.  T  1  ME  ,  T  MBR 

DO  20  1=1  NBK   '  S.TMPO.TOT 12)  ,T0T0,T0TT,TVLI 2)  ,VDM(2) , VHJS,DMR( 2) 

20  PABR(I)  -'pARTYII  25)  »  PARTY(I  27)  COMMON  ABF AG ( 5 , 1 5 ) , AC  INT ( 5 ) , AOJ ( 5 ) , A&ETH( 5, 14 ) , ALL CF ( 5, 14 ) , ALOWC ( 5 

(■                "          '                '  1  ]  ,  ALWBF  15)  ,  AMCAG(5,  15  ),ANCUT(  5,  1<>)  .AREAI  5,14)  ,BOMAI  (5)  ,BFAGE(  5,15) 

C  SUM  ACRES  BY  WORKING  GROUP.  BLOCK,  AND  SITE  CLASS.                             2 . BE  I  NT ( 5 ) , CF AGF I  5 . 1 5 ] . CFBF ( 5 . U ) . COMBF ( 5 ) . COMCUI 5 ) . C JCY I  5 ) .CU INT  I  5 

r  3),:uMAII5),0RHTH(5,l<.),DELAY(5),0ENTHI5,l'.),DLEV(5),FNeD(5), 

DO  30  I-l  NBK  4Fn:u(5]  ,ER0wB(5,2,l<.),GR0WC(5,2,l<.],GVLflF(5),GVLCUI5),INVL(5,3,K) 

TEM  -  PSPLTd  25)  •  PSPLTd  27)  5  ,  NS  I  I  5  )  ,  OPBD  (  5  )  ,  OPCU  (  5  l  ,  P  A  I  BD  I  5  ]  ,  P  A  I  C  U  (  5  )  ,  POOR  I  5  )  ,  R  E  GN  (  5  ,  3  ,  1  4  )  , 

IFITFm   FD   o'oi  rO  TO  33    '  5RINT(5) ,SARSP(5) ,SBF(5) ,SHELr(5,2,14),SHWDI5,2, 14),SMCI5) ,SHSP(5), 

no  75  1=)  14  7SUaBF(5,14) ,SUBCF(5,14) ,SUHCF(5),SYSTI5), THINI5),VLLV(5,3,14) , 

PBRSIII  J)  -  PBRSIII   ))  »  IPABR(I)  /  TEM)                                     8  WGNUM  (  5  )  ,  WGPDES  (  5  ,  20  )  ,  W  GPNM  (  5  ,  3  )  ,  SPNIJM  I  5  )  ,  TP  B  (  5  ,  7  )  ,  P  S  SP  I  5  ,  7  ) 

?5  CONTINUE    -      ^  ■  ■J  COMMON  AC  BAR | 7 ) , AR BK ( 7 ] , B AR S I  I  7 , 14 ) , BF TH I  7,  2 7 ) , CMTH  I  7 , 2 7 )  , CUT  A  (  7,  2 

30rnNTINUF  17),:UTB(7,27],HFLPI7,27],NSBK(7),0PEN(7,27),PBRSI(7,14),PDCFN(7,2T 

00  35  I-l  NBK  2) ,P3CfRI7,27] ,PSPLT(7,27) ,PUNC( 7,27),SARETyI7,35),SLVGI7,27),SPLTI 


35  RAB^l  ri''  n'-  HAO^III   II  .  PRP'iirt  n  COMMON  ACFNL  (  5.  7  .  15  )  .  ACRGNI  5.  7.  15  )  .  AcS  I  (  5.  7.  14)  ,  AC  SP  (  5.  7  )  ,&RBD(  5. 

35  BARSIII.J)  -  BARSI(I,J)  •  PBRSIII, J)  ,   ,,,  .„„^,,  ,  ,  ,.  ,  .,  ,  _  ,  ,,,  ,t^oi,c,  t^ouuiic  c:  ,  o.,,.c  -.  , /.  i 


I 


37,27I,TMTY(7),UNCMLI7,27),PSBR|7I,PARTY(7.35) 

COMMON  ACFNLl5.7.15).ACR&NI5.7.l5).AcSII5.7.1« 
1.15).GRMC(5.7.15).PS(5.7.14).STYP(35).TYPNH(35,5),PASI(5,7,14) 


N  =  5 

DO  45  1=1 

NWGP 

00  40  J=l 

NBK 

DO  40  K=M 

N 

40  TP8(I , J) 

TPB(  1 

M  =  M  «  5 

N  =  N  •■  5 

45  CONTINUE 

c 

c 

COMPUTE  AREAS 

BY  WOR 

c 

COMMON  /BLKA/  ANBDF(151) , ANCUV( l51),flDFC(150),BDF0(150),CFMC(l5Dl. 
lCFMail50),CYCL,IROT.KAN.P01.PD2,OUAL(14).ROTA.VLBF(14).VLCUI14) 

COMMON  /BLKD/  IJ , I K , K I , VOL , T VOL 

DIMENSION  BFSI15),CMS(15),£0IV(14),E0VCFII4).FACCFI14).FAC(14). 
1P0CUTI16).STACFI14),STDACI14) 


BLOCK,  AND  SITE  CLASS.  "0  600  KAK=l,NWGP 


CYCL  =  0 
SACCF  = 


IFITMBR  .EO.  0.0)  GO  TO  90 

DO  50  K=l .NWGP 

DO  50  1=1. NBK 

DO  50  J=1,14  _ 

IF(TPBIK,I)  .EQ.  0.0)  GO  TO  50  „„  ,„  7 

PASIIK,I,J)  =  PASPIK,I)  •  PS(K,I,J)  /  TPB(K,I) 
50  CONTINUE 

00  55  1=1, NWGP 

DO  55  J=1,NBK 

00  55  K  =  l  ,14 
55  ACS1(I,J,K)  =  ACSI(I,J,K)  »  PASI(I,J,K) 
C 
C  PRINT  PAGE  TYPE  7  -  AREAS  BY  SITE  INDEX  CLASS. 


ZERO  VARIABLES  COMMON  TO  ALL  SITES. 


DO  40  1=1.14 
EOlVlI )  =  O.O 
EOVCF II)  =  0.0 
FACCFI I )  =  0.0 
FACI I )  =  0.0 
QUALI I )  =  O.C 
STACFII )  =  0.0 
STOACI I )  =  0.0 
VLflF( II  =  0.0 
40  VLCUI  I  )  =  CO 

STOR  =  OLEV(KAK) 


90  WRITE  15.100) 
100  FORMAT  I  IHl  .////. 50X.  UrlPAGE  TYPE  71 

WRITE  (5.105) 
105  FORMAT  ( 1HO./.45X,40HDISTRIBUT10N  OF  AREA  BY  SITE  INDEX  CLASS) 

WRITE  (5.110)  IFnRET(I).   1=1.19) 
110  FORMAT  IIH  .2ex.l8A4, A2)  SITE  =  POOR  KAK) 

WRITE  (5,1151  I (WGPNMl I , J ) , J=l, 3), I=1,NWGP )  KSI  =  POORIKAK)  •  D.l 

115  FORMAT  I 1H0,//,5X,5hBL0CK, lOX, lOHSITE  I NDEX, 6X, 16HDEF0RE STEO  ACRES         KNO  =  KSI  ♦  NSIIKAK)  -  1 
1,2X,5I3X,3A4)  I  IFIKND  .GT.  14)  KNO  =  1'. 

WRITE  15,120)  C 


C  COMPUTE  LOOP  INDEXES  FDR  NUMBER  OF  SITE  CLASSES  INCLUDED  IN  GOALS. 
C 


29 


ENTER  FOllOMINC  LOOP  ONCE  FOR  EACH  SITE  CLASS  OF  A  HDRKISG  GROUP. 

00  «00  KAN^KSI.KND 
POl  SI  INVL  IKAK.l  ,KANI 
P02  -  INVL (KAK,;, KAN) 
OUALIKAN)  =  SITE 
AGED  =  ACcTHIKAK.KAN) 
D8H3  =  DBHTH(KAK,K»NI 
DEND  =  OENTHIKAK.KAN) 

DETERMINE  OLDEST  AGE  TO  BE  REPRESENTED  IN  VIFLD  TABLE. 

DO  »5  NA  =  1  .3 

L  =  *  -  NA 

IFIREGNIKAK.L.KAM  .60.  O.Ol  GO  TO  «5 

ROTA  :  REGNIKAK,Lt«ANI 

GO  TO  50 
45  CONTINUE 
50  IFIAgEO  .EO.  0.0  .OR.  AGEO  .GT.  «OTAI  GO  TO  ".05 

IFI AREAIKAK.KANI  .EO.  0.3)  GO  TO  393 

INITIALIZE  VARIABLES  RECOMPUTED  FOR  EACH  SITE  CLASS. 

ACTEM  =  0.0 

80AI  =    O.Q 

BFTEM  =  0.0 

CFAI  =    0.0 

CFTEM  -  0.0 

00  55  1=1,15 

BFSI I)  =  0.0 
55  CMSI II  =0.0 

DO  bO  1  =  1  .16 
60  PDCUTI I )  »  0.0 

CYCL  =  CUCY(KAK) 

COMPUTE  YIELD  TABLE  FOR  EACH  SITE  CLASS  OF  EACH  WORKING  GROUP. 

CALL  YIELD 

PRINT  PAGE  TYPE  9  -  ANNUAL  VDLJMES  PER  ACRE. 

WRITE  TABLE  HEADINGS. 

DLEVIKAKI  =  STOR 
WRITE  16,1001 
100  FORMAT  I 1H1,//,61X,11HPAGE  TYPE  91 

WRITE  16,1051  OUALIKAN) ,CUCY(KAK1 ,THIN1KAKI, DLEVIKAKI 
105  FORMAT  I1HO,41X,53HGROWING  STOCK  OF  MANAGED.  REGULATED,  EVEN-AGEO 
ISTANDS/IH  .'.TX.IOHSITE  I  NDEX  .  F5  .0,  IH,  ,  F5  .0,  19H-YE  AR  :uTTINr,  CYCLE/ 
21H  ,53X,l'.HOENSITY  Lf VEL-,F5.0,1X.3HAND,F5.0) 
WRITE  16,1101  IWGPNMIKAK, J),J=l,3) 
110  FORMAT  llH0,53X,l6HwnRKING  GROUP  -  ,3A'.,/I 

WRITE  16,115) 
115  FORMAT  I  IHO,'.3X,«4HVOLUMES  PRESENT  PER  ACRE  AT  END  OF  EACH  YEAR,/) 

WRITE  16,1201 
120  FORMAT  (lH0.5«X.23MMERCHANrABLE  CUBIC  FEET/ IHO,  b'.X,  *HYEA«  /  IH  ,l'.x, 
16HOECAOE,9X,1HO,9X,1H1,9X,1H2,9X,1H3,9X,1H'>,9X,1H5.9X,1H6.9X,1H7,9 
2X,1H8,9X,1H9,//) 

WRITE  CUBIC  FEET  PER  ACRE  FOR  EACH  YEAR. 

K  =  0 

WRITE  (6.125)  K,(ANCUVINN),NN=1,10I 
125  FORMAT  IIH  ,I2D,F13.1,9F10.l) 

MNK  =  ROTA  •  0.1  -  1.0  ♦  0.5 

DO  130  J=1,MNK 

NN  =  10  •  J  •  1 

WRITE  (6.125)  J,ANCUVINN) ,ANCuV(NN«l),ANCUVINN»2).ANCUVINNt3l, 
lANCUVINN**) ,ANCUV(NN»5), ANCUVInN»6),ANCUV(NN*7),ANCUVINN»8) , 
2ANCUVINN«9) 
130  CONTINUE 

J  =  ROTA  •  0.1  ♦  D.5 

ANCUVI IROT'l )  =  CFMO(IROT) 

WRITE  (6,125)  J,ANCUV(IR0T«1) 

WRITE  BOARD  FEET  PER  ACRE  FOR  EACH  YEAR. 

WRITE  16,135) 
135  FORMAT  I IHO ./// , 55X . 23hThOUSANDS  OF  BOARD  FEET,//) 

WRITE  (6.1<>0)  K.  I  ANB0FINN),NN=1,  101 
140  FORMAT  (IH  , I  20 , F 1 3 . 3 , 9F 10 . 3  I 

DO  145  J=1,MNK 

NN  =  10  •  J  ♦  1 

WRITE  (6,140)  J,ANBOF(NN) ,ANBDFINN*1),ANBDF(NN*2),AnB0F(nN*3), 
lANBOF  (NN«4)  ,ANBDKNN»5)  ,  AN8DF  (  NN»6  I  ,  AnRDF  I  NN»7  I  ,ANBDF(NN»8), 
2ANBDFINN»9) 
145  CONTINUE 

J  =  ROTA  •  0.1  •  0.5 

ANBOFI IRDT»1 I  =  BDFOIIROTI 

WRITE  (6,1401  JiANBOF IIR0T»1 ) 

COMPUTE  M.A.I.  FOR  EACH  WORKING  GROUP  AND  SITE  CLASS. 


TEN  =  0.0 

REM  =  0.0 

IFIREGN(KAK,2,KAN)  .EQ 

MNK  :  REGNIKAK, I.KAN) 

GO  TO  165 
160  MNK  =  REGN(KAK, I.KAN) 
165  DO  170  1=1. MNK 

TEM  =  TEM  .  BDFCin 
170  REM  =  REM  »  CFMCd  ) 

REM  =  REM  •  0.01 

MNK  =  MNK  ♦  1 

BOAI  =  ANBDFIMNK) 
II SHELT(KAK.2.KANI 

BOAI  '    8DAI  /  REGNIKAK. I.KAN) 

CFAI  =  ANCUVIMNKI  •  O.Ol  ♦  (S 


0)  GO  TO  160 


DELAYIKAK  ) 


(SHELTIKAK.l.KAN) 
GR0WBIKAK.2,KAN)  • 


>  GROMBIKAK, 1,KAN) 
PD2)  »  TEM 


IAN)  •  PDll  ♦  ISHWDIKAK,2,KANI  •  0.01  •  GROWC I K»K , 2 , KAN )  •  P02) 

2EM 
CFAI  =  CFAI  /  REGNIKAK, 1, KAN) 

BOMAIIKAKI  =  BDMAIIKAK)  t    BOAI  •  ARE A  I K AK , K AN  I 
CUMAIIKAK)  =  CUMAIIKAK)  ♦  CFAI  •  ARE A ( K AK , K AN ) 

COMPUTE  ACRES  IN  EACH  AGE  CLASS  WITH  IDEAL  CONDITIONS. 

ANCUTIKAK.KAN)  =  AREA! KAK, KAN )  /  REGN ( K AK , 1 , K AN ) 

CHANGE  VALUE  OF  CLASS  IF  AGE  CLASSES  ARE  NOT  10  YEARS. 

CLASS  =  10. 0 

TEM  =  ANCUTIKAK,KAN)  •  CLASS 

IF  I  DELAYIKAK)  .E(3.  0.01  GO  TO  180 

IF(REG'i(K»K,2,KAN)  .GT.  O.DI  GO  TO  ISO 

POCUTIl)  =  ANCUTIKAK.KAN)  •  DELAY(KAK) 

MNK  =  (REGNIKAK, I.KAN)  -  DELAYIKAK)  .  9.5)  •  O.l 

KK  =  MNK  »  1 

DO  175  1=2, MNK 
175  PDCUTII )  =  TEM 

TEM  2  MNK  -  1 

TEM  =  REGNIKAK, I, KAN)  -  DELAYIKAK)  -  (CLASS  •  TEM) 

POCUT(KK)  =  ANCUT(KAK,KANI  •  TEM 

GO  TO  190 
180  MNK  =  I (REGNIKAK, 1 , KAN)  •  9.5)  »  0.1)  ♦  I.O 

DO  185  1=2, MNK 
185  POCUTIl)  =  TEM 

COMPUTE  GROWING  STOCK  IN  EACH  AGE  CLASS  WITH  IDEAL  CONDITIONS. 


BFMRCH)  GO  TO  200 


190  MAX  =  REGNIKAK, 1, KAN) 

DO  200  1=1, MAX 

IFIANBOFd)  .LT. 

MID  =  I 

GO  TO  205 
200  CONTINUE 
205  MES  =  MID  -  I 

MUD  »  MIN  •  1 

DO  210  J=HUD,MES 
210  SUB:f (KAK,KAN|  = 

SU9;F (KAK,KAN)  = 

00  215  K=MID,MAX 
215  CF9FIKAK,KANI  =  CF BF I KAK , K AN ) 

CFBF (KAK.KAN)  =  CF BF ( KAK , K AN ) 

1F(REGNIKAK,2,KAN)  .EO 

MAX  =  REGN(KAK,2,KAN1   » 

IF(R£GN(KAK,3,KAN)  .GT. 
220  00  240  1=1,15 

no  230  J=2,ll 

K  =  J  ♦  10  •  I  -  10 

IFIK  .GT.  MAX)  GO  TO  250 


DELAYIKAK)  ♦  1.0 


SUBCFIKAK.KAN) 
SUBCF(KAK,KAN) 


ANCUVIJ)     •     0.01 
ANCUTIKAK,KAN) 


ANCUV(KI  •  0.01 
ANCUT(KAK,KANI 

O.D)  GO  TO  220 

1.0 

0.3)  MAX  =  REGNIKAK, 3. KAN) 


IFIK  .LT.  MUD)  GO  TO  230 

CMSdl  =  CMSII)  •  ANCUVIKI  •  0.01 

IFIK  .LT.  MID)  GO  TO  233 

BFSI  1  )  =  BFSI  1  1  »  ANBDFIO 

230 

CONTINUE 

240 

CONTINUE 

250 

00  255  L=l,15 

BFSIL)  =  BFSIL)  •  ANCUTIKAK.KAN) 

CMSIL)  =  CMSIL)  •  ANCUT( KAK.KAN) 

255 

CONTINUE 

DO  260  1=1,15 

ALLCFIKAK.KAN)  =  ALLCF ( K AK , K AN  1  .  C»S(II 

260 

SUbBF IKAK,KAN|  =  5UBBF(KAK,KANI  »  BFSI 11 

GVLBFIKAKI  =  GVLBFIKAKI 
GVLCulKAKI  =  GVLCUIkAKI 


SUBBFI KAK.KAN) 
SUBCFI <AK,KAN) 


COMPUTE  POTENTIAL  ANNUAL  CUTS  WITH  BALANCED  DISTRIBUTION  OF  AGE 
CLASSES  AND  OPTIMUM  GROWING  STOCK  FOR  OBJECTIVES. 
INTERMEDIATE,  REGENERAT I HN.  AND  FINAL  CUTS  KfPT  SEPARATE  HERE. 

IFIREGN(KAK,2,KAN|  .EQ.  0.01  CO  TO  285 
DO  283  J=l,2 
IFIJ  .EO.  1)  GO  TO  270 

IF1REGn(KAK,3,KAN)  .EQ.  0.0)  GO  TO  280 
270  MNK  =  REGN(KAK, J.KAN) 
TEM  =  CFMC(MNK)  »  0.01 
TMPY  =  BDFC(MNK) 

IFITMPY  .LT.  C0HBF(K4K)I  GO  TO  275 
OPBOIKAKI  =  OPBDIKAKI  .  TMPY  •  ANCUT ( KAK , KAN ) 
GO  TO  2S3 
IFITEM  .LT. 
OPCUIKAK)  = 
CONTINUE 
GO  TO  300 

MNK  =  REGNIKAK, 1 , KAN)  -  OELAY(KAK)  ♦  1.0 
IFI ANBDFIMNK I  .LT.  CHMBFIKAK))  GO  TO  290 


275 
280 
285 


COMCUIKAK II  GO  TO  260 

OPCU(KAK)   »  TEM  »  ANCUT(KAK,KAN| 


OPBD(KAK)  ♦  ANBDFIMNK)  *  ANCUT I KAK , KAN  I 


GO  TO  300 

TEM  »  ANCUTIKAK,KAN) 

3.0)  GO  TO  315 


302 
303 


p(DIKAK,  1,KAN)  »  0.01  •  GR3WCIK4K,1,K 


OPBOIKAKI 

GO  TO  300 

TEM  .  ANCUV(MNK)  •  0.01 

IFITEM  .LT.  COMCUIKAK)) 

OPCUIKAK)  =  OPCU(KAK)  ♦ 

IFIREGN(KAK,2,KAN)  .EO. 

DO  310  J=2,3 

IFIJ  .EO.  3)  GO  TO  302 

IFIREGN(KAK,3,KANI  .GT. 

GO  TO  303 

IF(REGN(KAK,3.KAN)  .EQ. 

MNK  =  REGN(KAK. J.KANI  « 

TEM  =  ANBDF(MNK) 

IFITEM  .LT.  COMBFIKAK)) 

FNBOIKAKI  =  FNBDIKAK)  • 

GO  TO  310 

TEM  =  ANCUV(MNK)  •  0.01 

IFITEM  .LT.  COMCU(KAKI)  GO  TO  310 

FN:u(KAKI  =  FNCU(KAK)  ♦  TEM  »  ANCUT ( KAK . K AN ) 


3.3)  GO  TO  310 


0.3)  GO  TO  310 
1.3 


GO  TO  305 

TE"  «  ANCUTIKAK.KAN) 


30 


310  CONTINUE 

315  MNK  =  REGNIKAK, l.KANI  -  3.0 

NR  =  CUCYIKAK) 

Nl  =  AGETHIKAK.KAN) 

DO  325  I«N1.MNK,NR 

ACTEM  =  4CTEM  »  1.0 

IFIBDEClll  .LT.  COHBFIKAMl  GO  TO 

BFTEM  -     BFTEM  «  HDFC( 1 ) 

00  TO  325 
320  TEM  =  CFHCI I )  *  0.01 

IFCTEM  .LT.  COMCDIKAKll  GO  TO  325 

CFTE«  =  CFTEM  •  TEM 
325  CONTINUE 

ACINTIKAKl  =  ACINTIKAKI 

nFINT(KAK|  =  BFINTIKAK) 

CUINTIKAKI  =  CUINT(KAK) 


ACTEM  •  ANCUTI KAK.KANI 

BFTEll  •  4NCUT(KAK,KAN) 

ANCUT(KAK,KANI 


CFTEH 
PRINT  PAGE  TYPE  10  -  GROWING  STOCK  GOALS  By  MORKING  GROUP  ANO  SITE. 


WRITE 

350  FORMA 

WRI  TE 

352  FORMA 

10.16X 

2D. 1,3 

WRITE 

WRITE 

354  FORMA 

11<.X,5 

IFIRE 

IFIDE 

WRITE 

356  FORMA 

360  DO  35 

J  =  I 

MNK  = 

MO  = 

WRITE 

362  FORMA 

35«  CONTl 

WRI  TE 

366  FORMA 

IFIRE 

IFIDE 

WRI  TE 

369  FORMA 

1  YET 

2  AFTE 

370  00  37 
BFAGE 

375  CFAGE 
390  SITE 
400  CONTI 
405  DO  41 
410  Sum;f 


T  II 

16, 

T  (1 

.21H 

5H  A 

16, 

16, 

T  I  1 

UCLA 

NIK 

LAYI 

16, 

T  11 

-  I 


350) 

HI  ,// 

3521 

HO, 4 

FOR 

CRES 

110) 

354] 

HO,  4 

SS.l 

AK,2 

KAK) 

3561 

HO, 2 

2,16 

10 


/,58S,12HPAGE  TYPE  10. /) 

0UALIKAN),RECN1KAK,1,KAN),AREAIKAK,KANI 
1X,44HDI STRleuTlON  OF  AREA  AND  CROWING  STOCK  GOALS/IH 
SITE  INDEX  CLASS-, F5. 0, 1 IH,  ROT  AT  I 0M-, F5 . 0, 5H,  AND.Fl 

OF  THIS  SITE  CLASS  AND  GROUP) 

IWGPNHIKAK, J) , J=l, 3) 

4X,eHACRES  IN,13X,11HHUNDREDS  OF/IH  ,23X,9HAGE  CLASS, 
6X,7HCU.  FT.,17X,i)HM  BD.  FT.,/) 
,KAN1  .GT.  D.3)  GO  TO  360 

.EO.  0.0)  GO  TO  360 

PDCUTIl ) 
7X,lH0,14X,Fn.l  ) 


T  (1 
NUE 

16, 
T  II 
GNIK 
LAYI 

16, 
T  II 
REFO 
R  SC 
5  1  = 
IKAK 
IKAK 
=  SI 
NUE 
0  1  = 
IKAK 


3621  MNK.MO.POCUTI I),CHSIJ),BFSIJ) 
HO,24X,I3,IH-,I3,11X,F10.1,10X,F15.1,10X,F15.1) 


WRITE  16,504)  IFORETIII,  1=1,19) 
WRITE  16,554) 

554  FORMAT  I  1  HO , 9X , 4HS I TE , 1 3X , 1 1 HTOI AL  Y I  EL D,  1 3X, 5HA 
l,13x,13HEOUIVALENT  Of) 

WRITE  16,556) 

555  FORMAT  IIH  ,  9X , 5HI NDEX , 1 3X , BHPER  ACR E,  1 4X , 7H I N  S 
1N,12X,6HSTANDAR0,12X, 13HSTAN0ARD  ACRE ) 

WRITE  16,558) 
558  FORMAT  CIH  , 9X , 5HCI AS S , 1 3X , 9HM  BD.  FT .  ,  1 4X, 5HCL A 
lX,5rtA:RES ,14X,13HI N  SITE  ACRES,//) 

no  562  I=KSI,KND 

WRITE  (6,560)  QUALI I ) ,«LBFI I ) ,AREAIKAK, I ) ,FAcl I ) 
560  FORMAT(1HO,8X,F5.0,12X,F9.1,12X,F10.1,11X,F9.5,1 
562  CONTINUE 

WRITE  15,554) 
554  FORMAT  I IHO,////) 

WRITE  16,554) 

WRITE  16,556) 

WRITE  15,5651 
566  FORMAT  IIH  ,9X,5HCLASS,14X,7HCJ.  F T . , 1 5X , 5HCL AS  5 
15Ha:rES,14X,13HIn  SITF  ACRES,//) 

DO  568  I=KSI,KND 

WRITE  15,560)  OUALI I ) ,VLCUI I ) ,AREAIKAK, I ) ,FACCF| 
lEQVCFI  I  ) 
568  CONTINUE 
600  CONTINUE 

RETURN 

EN  J 


CRES,34X,7HARE»  IN 
UCTIO 
OR, 15 


2X,9HREDU 
X,6HFACTa 


,STOAC 
IX, Flo 


I  I) ,EOI 
.1,  13X, 


VI  II 
F9.5I 


bHFACTOR, 
ACFI  I  I, 


Siibrouliiie  YIELD 


366)     APEAIKAK,KAN),AllCFIKAK,KAN),SUBBFUAK,KAN) 

H0,//,26X,6HTOTALS,llX,F10.1,10X,F15.l,10X,F15.l) 

AK,2,KAN)  .GT.  0.0)  GO  TO  370 

KAKI  .EO.  0.01  GO  TO  37D 

369)  DELAyIKAK) 

HO,//,17X,eOHAGE  CLASS  ZERO  REPRESENTS  CLEARCUT  ACRES  NOT 

RESTED  BECAUSE  OF  DELAY  OF  ,F4.0,5H  YE4RS/1H  ,46HEXPECTED 

HEDULED  REGENERATION  CUTTING.) 

1  ,15 

, I)     =    BFAGEIKAK, I)     *    BFSI I ) 

, I)  =  CFAGEIKAK, I )  ♦  CMSI I  1 

TE  ♦  10.0 


SUBROUTINE  YIELD 
TO  COMPUTE  A  YIELD  TABLE  FOR  EACH  SITE  CLASS  OF  EACH  WORKING  GROUP. 


KSI ,KND 

=  SUHCFIKAK) 


ALLCFIKAK, I ) 


COMPUTE  STANDARD  ACRES  FOR  SITE  CLASSES. 


COMMON 
ICFVOCO 
2FCTRI2) 
3HTST,ka 
4SAVE ,SB 
5,TMP0,T 

COMMON 
1 ) ,ALWBF 
2,8F INTI 
3) ,:UHA1 
4FNCUI 5) 
5,NSI 15) 
5RINTI5) 
7SUBBFI 5 
8WGNUMI 5 

COMMON 
171 ,:UTB 
2) ,PDCFR 
37,27) ,T 

COMMON 
1  ,15)  ,3R 


ADO, A 
ATEI6 
FDMI 
K,KNO 
ARB,S 
0TI2) 
ABFA& 
15)  , A 
5)  ,CF 
(5)  ,D 
,&ROW 
,OPPO 
,SARS 
14), 
,WGP 
ACBAR 
17,27 
(7,27 
MTY(7 
ACFNL 
MC(5, 


GE(2) ,AGE 
)  ,DBHI 2 ) , 
2  )  ,FDNI2) 
,MIN,MNK, 
6ARE,SBAR 
,TOT(J,  TOT 
I  5, 15) , AC 
MCAGI5,15 
AGE  15,15) 
BHTHI5,14 
BI5,2,14) 
(51 ,OPCUI 
P(5)  ,SBF( 
SUBCFI5,1 
0ES(5,20) 
( 7) ,ARSK( 
)  ,HELP(7, 
)  ,PSPLTI 7 
) ,UNCMLI7 
15,7,15)  , 
7,15) ,PSI 


0,BA(2 
DBHE,DB 
,FHr(2) 
NBK, NCM 

&,seAS 

T,I/L(2 
INT( 5)  , 
) , ANCUI 
,CF8FI 5 
), DELAY 
,GROWCI 
5) ,PAIB 
5),SHEL 
4) ,SUMC 
,WGPNM( 
7) ,BARS 
27), NS 

27) ,PU 
,27] ,PA 
ACRGN( 5 
5,7,14) 


eAS( 
HO,  DC 

FORf 
P,NSJ 
SITE, 

]  ,vnx 

4DJ(  = 
15,14 
,  14), 
(  5)  ,D 
5,2,  1 
0(5)  , 
T(5,2 
F(5), 
5,31  , 
1(7,1 
K|7), 
NCI  7, 
BR(7) 
,7,15 
,STYP 


2)  ,BAS 
HT.OEN 
T(19) 
B,NWGP 
SLAND, 
I2],\/L 
],AGET 
I  ,ABEA 
COMBF 
ENTHI5 
4  ],GVL 
PtICUl 
14), S 
SYST(5 
SPNUMI 
41,BFT 
OPENI 7 
27) ,S4 
.PARTY 
l,ACSI 
I 35),T 


O.BAST.BAU 
I2),DEN0,0 
FVLI 2) ,HT( 
, PDBHE,PRE 
TBA( 2) , TDM 
US,0HR(2) 
HI  5, 14) ,AL 
15.141 ,B0H 
5) ,COMCUI 5 

14) ,DLEVI 
BE  15  )  ,GVLC 
5 ) .POOR  I  5  1 
HWDI 5,2,  14 

THINI5) 
5)  ,TPB(5,7 
H(7,27),CM 

27),PBRSI 
RETYI7,35I 
(7,35) 
(5, 7, 141, A 
YPNH(35,5I 


BFMRCH.BFVOL, 
ENT,DMUS,FBAI2), 
2)  ,HTCUM,HTSQ, 
T, PRODI  2 ),REST, 
(21. TEM, TIME.TMBR 

LCF(5,14),AL0WC(5 
AI( 5) ,BFAGE( 5, 15) 
),CUCY(5),CUINTI5 
5) ,FNBD( 5), 
UI5),INVL(5,3,14) 
,REGN( 5,3, 14), 
),SMC(5) ,SMSPI5I, 
VLH/(5,3,14), 
l,PASP(5,7) 
TH( 7,27) ,CUTA( 7.2 
I 7,141,PDCfN(7.27 
,SLV&(7.27> .SPLTI 

CSPI5,7),GRBD(5,7 
PaSI(5,7,141 


TEM  =  NSI IKAK) 
MNK  =  TEM  •  0.5  *  0.5 
MNK  =  MNK  *  KSI  -  1 
DO  420  I=KSI ,KND 

IFIVLBFIMNK)  .EQ.  0.0)  GO  TO  415 
FACIII  =  VLBFII)  /  VLBFIMNK) 
STOACII)  =  AREAIKAK.I)  »  FACII) 
SSTAC  =  SSTAC  *  STDAC(I) 
IFIFACdl  .EO.  0.0)  GO  TO  415 
FOIVII )  =  1.0  /  FACII  I 
415  IF(VLCU(MNK)  .EO.  0.0)  GO  TO  420 
FACCF(I)  =  VLCUIII  /  VLCUIMNK) 
STACFII)  =  AREAIKAK,])  •  FACCFIII 

sa::f  =  SACCF  *  stacf  i  i  ) 

IFIFACCFIII  .EO.  0.0)  GO  TO  420 
eOVCFI I )  =  l.O  /  F4CCFI I ) 
420  CONTINUE 

PRINT  PAGE  TYPE  11  -  GROWING  STOCK  GOALS  BY  WORKING  GROUP  ANO  SITE. 

WRITE  16,500) 
500  FORMAT  I  1  HI , /// , 6 1 X , 1 2HPAGE  TYPE  111 

WRITE  16,502) 
502  FORMAT  I IHO, / / , 47X , 38HGR0M I NG  STOCK  GOALS  FOR  WORKING  CIRCLE) 
WRITE  16,110)   IWGPNMIKAK, J) , J=l , 3) 
WRITE  15,504)   IFORFTII),   1=1,19) 
504  FORMAT  (IH  , 3DX . 1 8 A4 , A2 , / // / ) 

WRITE  (5,505) 
506  FORMAT  ( IHO,45X,8HROTATION, IIX.IOHCU.  FT.  TO. 13X, lOHCU.  FT.  TO.lOx 
1,15HM  BO.  FT.  ABOVE) 
WRITE  (5,506) 
508  FORMAT  (IH  ,10X,10HSITE  CL ASS , lOX . 5HACR E S . 12X . 3H AGE , 1 3x , 1 3H9D .  FT. 
1  LIMIT, 10X,12HROTATI0N  AGE , 1  OX , 1 3HPD .  FT.  LIMIT,///) 
DO  512  I  =KSI ,KNO 

WRITE  (6,510)  0UAL(I),AREAIKAK,II,REGNIkAK,1,I),SUBCFIKAK.1).4LL:F 
1 IKAK, I ) ,SUBBF (KAK, I ) 
510  FORMAT  (1HO,11X,F5.0,12X,F9.1,10X,F4.0.12X.F12.0.10X.F12.0.6X,F14. 

10) 
512  CONTINUE 

WRITE  (6.5141  SARSP(KAK).G\/LCU(KAK),SUMCF(KAK),CVLBFIKAK) 
514  FORMAT  (1HO,12X,6HTOTALS,9X,F1D.1,25X,F13.0,9X,F13.0,7X,F15.0) 

WRITE  16,516) 
516  FORMAT  (1H0,//,13X,101HCUBIC  FEET  IN  HUNDREDS.  TOTAL  AREA  INCLUDES 
1  ANY  LOW  SITE  ACRES  INCORRECTLY  CLASSED  AS  OPERABLE  TYPES.) 

PRINT  PAGE  TYPE  12  -  STANDARD  ACRES  AND  EOUWALENT  AREAS. 

WRITE  (6,550) 
550  FORMAT  I IH1,//,60X,12HPAGE  TYPE  12) 

WRITE  15,552) 
552  FORMAT  I 1H3, / ,47X, 37HC0NVERSI ON  OF  AREAS  TO  STANDARD  ACRES) 

WRITE  16,110)  IWGPNMIKAK, Jl ,J=1, 31 


COMMON  /BLKA/  ANPOF(151),ANCUV(151I.BDFC(150),BDFO(150).CFMCI150I, 
1CFMO(150).CYCL.IROT,KAN,PD1,P02,QUAL(14),ROTA,VLBF(14),VLCUI141 
C 

COMMON  /BLKO/  I  J, IK,K I, VOL,TVOL 
C 

C  INITIALIZE  VARIABLES  RECOMPUTED  FOR  EACH  SITE  CLASS. 
C 

ADOHT  =  0.0 

BDFT  =  0.0 

CFHT  =  0.0 

HTCUM  =  0.0 

JBOFC  =  0 

JB3F0  =  0 

JBOFT  =  3 

JCFMC  =  D 

JCFMO  =  0 

JCFMT  =  0 

JSBO  =  0 

JSMC  =  0 

JSTF  =  0 

DO  10  !=1 ,150 

BOFCI I )  =  0.0 

BOFOI I )  =  0.0 

CFMCI I  1  =  0.0 
10  CFMO( I )  =  0.0 

DO  15  1=1,151 

ANBOF ( I )  =0.0 
15  ANCUV( I >  =  0.0 

Nl  =  AGEO 

N  =  AGEO 
C 

C  OBTAIN  HTSO  AND  TOTAL  CU.  FT.  PER  ACRE. 
C 

BASO  =  DENO  «  0.0054542  •  DBHO  *  DBHO 

I  J  =  9 

CALL  WORKGP 
C 

C  CONVERT  TOTAL  CU.  FT.  TO  OTHER  UNITS. 
C 

IFIOBHO  .LE.  4.99)  GD  TO  25 

KNO  =  1 

BAdI  =  BASO 

V0M(1 )  »  DBHO 

IJ  =  2 

CALL  WORKGP 

BOFOIN)  =  TOTO  »  PROO(l) 

CfMO(N)  =  TOTO  •  FCTB (1 ) 
25  REST  =  THIN(.;AK) 
C 

C  ENTER  LOOP  FOR  ALL  REMAINING  COMPUTATIONS  AND  PRINTOUT. 
C 

DO  200  1=1.100 


3  1 


CHANGE  STANDARDS  IF  A  RfcESSRATION  CUT  IS  DUE. 

30  IFIAGEO  .Of.  ROTA)  GO  13  60 

IFIAGEO  .LT.  RECNIKAK.I.KASI I  GO  TO  50 

IFtAGEO  .NF.  RECN(KAK,1,KANI I  GO  TO  35 

OLEVIKAKI  :  DLFVIKAK)  •  VLLV IKAK , 1 ,KAN I 

REST  =  DLEVIKAKI 

CYCL  =  INVLIKAK.l ,KANI 

GO  TO  50 
35  IFIaGEO  .NE.  REGM(KAK,?,KAMI I  GO  TO  40 

0L6V(KAK)=  DLEV(KAK)   •  VLLV I KAK , 2 , KAN ) 

REST  =  DLFVIKAKI 

CVCL  =  INVL(KAK,2,KAN) 

GO  TO  50 
40  IFIAGEO  .NE.  Rf GN( KAK ,3, KAN) )  GO  TO  50 

DLEV(KAK)  =  OLEV(KAk)  •  VLLV I KAK , 3, KAN ) 

REST  =  DLEV(KAK) 

CYCL  =  INVLIKAK,3,KAN) 

INCREASE  O.B.H.  BY  THINNING  AND  CoWJTE  POST-THINNING  VALUES. 

50  CALL  CUTS 

JOENT  =  IBAST  /  (0.0054542  •  B6HT  »  OBHT ) )  ♦  0.5 

DENT  =  JDENT 

BAST  =  0.0054542  •  DBHT  *  OBHT  •  DENT 

IFIBAST  .LT.  BASO)  GO  TO  55 

BAST  =  BASO 

HTST  =  HTSO 

DENT  =  DENO 

JOEMT  =  DENO  •  0.5 

DBHT  =  DBHO 


TO  OTHER  UNITS. 


TOTT 

=  TOTO 

BDFT 

=  BOFO(N) 

CFMT 

=  CFMOINI 

GO  TO  60 

55 

IJ  = 

10 

C 

c 

c 

CALL 

MORKGP 

CONVERT  TOTAL  CU. 

FT.  TO 

IFlOBHT  .LE.  4 

.99)  GO 

KNO  = 

1 

BA(1 

=  BAST 

VDMdl  -  OBHT 

IJ  = 

2 

CALL 

WORKGP 

BOFT 

=  TOTT  • 

PRODI  1) 

CFMT 

=  TOTT  • 

FCTRIl) 

C  CHANGE  "ODE  AND  ROUND  OFF  FOR  PRINTING. 
C 

60  JOENO  =  OEND  ♦  0.5 

JHTSO  =  HTSO  »  0.5 

JTOrO  =  TOTO  ♦  0.5 

JBASO  '    BASO  >  0.5 

JCFHO  =  CFHOIN)  ♦  0.5 

J60F0  =    6DF0IN)  •  0.1  ♦  0.5 

J8DF0  =  J6DF0  •  10 

JOENT  =  DENT  ♦  0.5 

JHTST  =  HTST  ♦  0.5 

JTOTT  =  TOTT  »  0.5 

JDENC  =  JDENO  -  JDENT 

JCFHT  »  CFMT  ♦  0.5 

CFMT  =  JCFMT 

IFIJCFMT  .GT.  jCFmO)  JCFMO  =  JCFMT 

CFMJIN)  =  JCFMO 

JBDFT  =  BOFT  •  0.1  ♦  0.5 

JBDFT  .  JBDFT  •  ID 

BOFT  =  JBDFT 

BOFT  =  BOFT  •  0.001 

IFIJBDFT  .GT.  JBOFO)  J8DF0  =  JBDFT 

8DF0IN)  =  JBOFO 

BDFOIN)  =  BOFOIN)  •  0.001 

JBAST  =  BAST  ♦  0.5 

JBASC  =  JBASO  -  JBAST 

JTOTC  =  JTOTO  -  JTOTT 

JCFMC  =  JCFMO  -  JCFMT 

IFIJCFMC  .LE.  0)  JCFMC  =  0 

CFMCIN)  -  JCFMC 

J80FC  -    JBOFO  -  JBDFT 

IFIJBDFC  .LE.  01  JBOFC  =  0 

BOFCIN)  =  JBOFC 

BDFCIN)  =  BOFCINI  •  O.ODl 


HO  FORMAT  I  1H0,53X,I6HH0RKING  GROUP  -  ,3A4,/) 

WRITE  16,115) 
115  FORMAT  llHC,25X,3eHENTlRf  STAND  BEFORE  AND  AFTER  THINNING , 28x ,26HP 
lERIODIC  CUT  ANO  MORTALITY! 
HRITC  16,120) 
120  FORMAT  I IHO , 9X , 5HST ANO, 1  OX, 5HBASAL , 3X, 7HAVERAGE , 2X , 7HAVERAGE , 3X, 5H 
IT0TAL,3X,9HMERCHANT-, 3X , 9HSAHT I MOER , 9X , 5HBASAL , 4X , 5HT0T AL ,3x,9HMER 
2CH»NT-,3X,9H5AWT1MBER ) 
WRITE  16,125) 
125  FORMAT  (IH  ,10X,3HAGE,4X,5HTREES, 3X,4HAREA,4X,6MD.B.H. .3X,6HMEIGHT 
1 ,2X,6HVOLUME.2X, IIHABLE  V0LUME,4K , 6HV0LUME , 3X, 5HTREES , 3X, 4HAREA, 3X 
2,5HV0LUME,2X,11HABLE  VOLUME ,4X, 6HV0LUME ) 
WRITE  16,1301 
130  FORMAT  IIH  ,8x,7H(YEARSl,3X,3HNO.,2X,7HSQ.  FT  .  , 4X, 3H I N. ,6X, 3Hf T. ,4 
1X,7HCU.  FT.,3X,7HCU.  FT.,4X,9HM  BO.  F T . , 3X, 3HN0 . , 2X , 7HS0.  FT.,2X,7 
2HCU.  FT.,3X,7hCU.  FT.,4X,9HM  BD.  FT.) 
135  WRITE  16,140)  AGEO, JDENO, JBASO, DbHO, JHTSO, JTQT3,CFM3IN),B0FDIN) 
140  FORMAT  llHO,9x,F4.0,4X,I5,2X,I4,6X,F5.1,5X,I3,4X,I5,5X,F6.0,6X,Fe,. 
13) 
IFIAGEO  .GE.  ROTA)  GO  TO  220 

WRITE  (5,145)  AGEO, JDENT, JBAST, DBHT, JHTST, JTOTT, CFMT, BOFT, JOE N:,JR 
lASC, JTOTC, CFMCIN), BDFCIN) 
145  FORMAT  IIH  , 9X , F4 . 0 , 4 X , I  5 , 2X , I  4, 5X , F5 . 1 , 5X , I  3 , 4X , I  5 , 5X , F6 . 0, 6X , F6 . 
13,4X,I5,3X,I3,5X,|4,5X,F5.0,7X,F6.3) 


COMPUTE  VALUES  FOR  EACH  PERIOD.  THIN  AS  SPECIFIED. 

KK  =  CYCL  /  RINTIKAK) 

DO  190  L=l,KK 

AGEO  =  AGED  ♦  RINTIKAK) 

N  =  AGEO 

IFIAGEO  .GT.  ROTAl  GO  TO  220 

IJ  =  11 

CALL  WORKGP 

MNk  =  DBHO  »  10.0  ♦  0.5 

0BH3  =  MNK 

0BH3  =  OBHO  •  c.l 

REDUCE  FUTURE  DENSITY  BY  AMOUNT  OF  PREDICTED  MORTALITY. 

1FI08HT  .GE.  10. 0)  GO  TO  170 

I  J  =  12 

CALL  WORKGP 

IFIDENO  .LT.  0.0)  DENO  =  0.0 

MNK  =  DENT  •  11.0  -  DENO)  ♦  0.5 

DENO  =  MNK 

GO  TO  175 
170  0EN3  =  DENT 
175  BASO  =  DENO  •  0.0054542  •  DBHO  •  DBHO 


SUM  PERIODIC  CUTS  FOR  LAST  LINE  OF  YIELD  TABLE. 

IFIAGEO  .GE.  ROTA)  GO  TO  70 
JSTF  =  JSTF  ♦  JTOTC 
CCFMC  =  CFMCIN)  •  0.01 
IFICCFMC  .LT.  COMCUIKAK))  GO  TO  65 
JSMC  =  JSMC  ♦  JCFMC 
65  IFIBDFCIN)  .LT.  COMBFIKAK))  GO  TO  70 
JSBO  =  JSBD  »  JBDFC 

PRINT  PAGE  TYPE  9  -  YIELD  TABLE  FOR  EACH  WORKING  GROUP  AND  SITE. 

TO  IFII  .GE.  2)  GO  TO  135 

WRITE    HEADINGS    FOR    YIELD    TABLE. 

WRITE     16,100) 
100    FORMAT    IIH1,//,62X,11HPAGE    TYPF    8) 

WRITE      16,105)     OUALIKAN),CUCYIKAK),rHINIKAK),DLEVUAK) 
105    FORMAT    llHO,    /,28X,8lHYIELDs    PER    ACRE    OF    MANAGED,    EVEN-AGED    STsNOS 
1    BASED    ON    PREDETERMINED    STANDARDS    F30/1H    ,47X,10hS1TE    INDfX,F5.0,l 
2H,,F5.0,19H-YEAR    CUTTING    CYCLE/IH    ,  41X  ,  26HT.iINN  I  NC    LEVELS=    INITIAL 
3    -tF6.0,l4H.    SUBSEQUENT    -,F5.0) 
WRITE    (6,110)     (WGPNMIKAK, J) ,J=1,3) 


COMPUTE    HTSO    FROM    AGE    ANO    SITE    INDEX. 

I  J    =    9 

CAlL    wORkGP 

CONVERT  TOTAL  CU.  FT.  TO  OTHER  UNITS. 

IFIOBHO  .LE.  4.99)  Gil  To  IB5 

KNO  =  1 

BAH)  =  BASO 

VDMIl)  =  DBHO 

IJ  =  2 

CALL  WORKGP 

BDFOIN)  =  TOTO  •  PROD  I  1 ) 

CFMOIN)  =  TOTO  •  FCTRIl) 

TEST  IF  REGENERATION  CUT  IS  DJE. 

DO  180  KU=l,3 

IFIAGEO  .EO.  REGNIKAK.KU.KANI )  GO  TO  30 
180  CONTINUE 
185  IFIL  .EO.  KK)  GO  TO  195 

WRITE  VALUES  FOR  END  OF  PERIOD  IF  THINNING  NOT  DUE. 

JOENO  =  DENO  ♦  0.5 

JHTSO  =  HTSO  ♦  0.5 

JBASO  =  BASO  »  0.5 

JTOTO  =  TOTO  ♦  0.5 

JCFMO  =  CFMOIN)  ♦  0.5 

CFMOIN)  =  JCFMO 

JBOFO  =  BDFOIN)  •  0.1  •  0.5 

JBOFO  =  JBOFO  •  10 

BOFOIN)  =  JBOFO 

BOFOIN)  =  BDFOIN)  ♦  O.OOl 

WRITE  16,140)  AGEO,JOENO,JBASO,DeHO, JHTSO, JTOTO, CFMOIN), BDFOI  M) 

DBHT  =  DBHO 

BAST  =  BASO 

DENT  =  DENO 
190  CONTINUE 
195  REST  =  DLEVIKAK) 
200  CONTINUE 


ADD  FINAL  CUTS  TO  TOTAL  YIELDS  AND  WRITE  TOTAL  YIELDS. 

220  JSTF  =  JSTF  ♦  JTOTO 

CCFMO  =  JCFMO 

IFICCFMO  .LT.  COMCU(KAK))  GO  TO  225 

SSm;  =  JSMC  ♦  JCFMO 
225  B8DF0  =  J8DF0 

IFIBBDFO  .LT.  COMBFIKAK))  GO  TO  230 

SBO  =  JSBO  ♦  JBOFO 

SBO  =  SBD  •  0.001 
230  VLBFIKAN)  =  SBD 

VLCUIKAN)  -  SSMC 

WRITE     16,235)    JSTF , SSMC , SBD 
235    FORMAT     HH0,67x,12HT0TAL    Yl  EL  DS  ,  IPX,  I  5,  4X  ,  F6.0,  7X,  F6.  3  ) 

TEM  =  COMCUIKAK)  •  100.0 

TMPY  =  COMBFIKAK)  •  1000. 0 
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WRITE     (61240)    TEM.TMPY  fl4SE    s    84SE    •    D.l 

240    fOi<M»T    I  IHO,/ ,llX,<i4HMINI  MJM    CJTS    FOR     IMCLUSION    I  >(    T3T4L    riELOS--  TMPY    =    0.0D5<i5<.2    •    DRHE    •    DBHE 

1,F6.0,15H    CUBIC    FEET    4ND,F7.0,11H    BOaRD    FEET)  TEH    -    B4SE    -    REST 

IROT    =    R0T4  IFITEM    .LE.    THPY)    &0    TO    60 

MNK     =     RINT(K4K1  IFITEH     .LT.     4.D)     GO    TO     ID 

NV3L    =     MIROT    -    Nll/MNKI     »    1  PRET    =    PRET    -    1.0 

K    =    NVOL    -    1  GO    TO    15 

C  10    PRET    =    PRET    -    0.3 

C    INTERP3L4TE    BETWEEN    V4LUES    FROM    YIELD    T4BLE.  15    CONTINUE 

C  GO    TO    60 

DO    260    L=l,K  C 

DO    260    J=1,MNK  C    COMPUTE    D.B.H.     IF    B4S4L    4RE4    INCRE4SES    WITH    D.6.H. 

NN    =    J    ♦    Nl    ♦     (L    -    1)     •    MNK  ^                                                          C 

TEH    =    J    -    I  20    PRET    =    40.0 

N  =  Nl  ♦  IL  -  II  •  MNK  IFIOBHO  .GT.  7.0)  PRET  =  70.0 

AnCUV(NN)  =  CFMOIN)  -  CFMCIN)  »  ITEM  /  RINTIKAK))  •  ICFMOINtMNKI  -  DO  55  J=l,100 

I  CFMOIN)  »  CFMCIN))  IJ  =  5 

4N80FINN)  -  BDFO(N)  -  BDFCIN)  *  (TEM  /  RINTU4KII  »  I  BDFO  I  N»MNK  1  -  G4LL  HORKGP 

I  BDFOIN)  ♦  BDFCIN))  IBBHE  =  DBHE  *  10.0  •  0.5 

260  CONTINUE  DBHE  =  IDRHE 

C  DBHE  =  DBHE  •  D.l 

C  STORE  VOLUMES  AND  GROWTH  RATE  OF  SHELTERW03D,  IF  ANY.                           DENE  =  OENO  •  (PRET  •  0.011 

C  NOENE  =  DENE  «  0.5 

IF(REGN(K4K,2,KAN)  .EQ.  0.0)  GO  TO  335  DENE  =  NDENE 

KX  =  BEGNIKAK.l.KANI  B»SE  =  0.005'.5<,2  «  ORHE  .  DBHE  •  DENE 

MX  =  REGN(KAK,2,KAN)  NB4SE  =  BASE  »  IC.O  ♦  0.5 

LX  =  REGN(KAK,1,K4N)  S'^E  =  NB4SE 

SHWD(K4K, 1 ,K4N)  =  CFMO(XXI  -  CFMC(XX}  BASE  =  BASE  •  0.1 

IF(SHWD(K4K,1 ,KAN)  .LE.  0.31  GO  TO  300  BREAK  =  49.9  •  REST  /  60.0 

GR0WC(KAK,1 ,KAN)  =  CFMO(MXI  /  SHJD( K AK ,  1 , K AN  I  IF(BASE  .GT.  BREAK)  GO  TO  30 

GROWC(KAK, I.KAN)  =  ( GROWC ( K 4K , I , KAN )  -  1.01  /  PDl                           DBHP  =  (80.0  /  REST)  •  (0.OB682  »  BASE)  •  0.94636 

GO  TO  305  GO  TO  40 

300  SHWD(KAK,1,KAN1  =  0.0  30  BUST  =  66.2  •  (REST  /  90.0) 

GROHC(KAK, I.KAN)  =  0.0  IF(BASE  . GT .  BUST)  Gn  TO  IS 

305  SHELT(KAK, I.KAN)  -    BDFO(KXI  -  BOFC(KXI  ?""''  "    '«°-°  '  """  *  l°-10"9  *  BASE)  -  0.17858 

IF  (  ShELT(KAK,  l.KANI  .LE.  0.0)  GO  TO  310  ''"  '^°  ""^ 

GRawB(KAK,l,KAN)  =  BDFO(HX)  /  SHE  L  T  (  K  AK  .  1  ,  K  AN  )                              '^  I"^^  'tSdv^.'t  '  Dv  "  "  '     ''^^^' 

GR3WB(KAK...KAN,  =  ,  GRO-B ,  K  AK .  1  ,  K  AN  .  -  1.0)  /  PDl                              DBHP  ^  1 9!o47iri  THPY  -  0.26673  >     TEM  .  0.0012539  .  TEM  .  TMPY 

310  SHELT(KAK, I.KAN)  =  0.0  '  "  448.76633 

GR3WB(K4K. I.KAN)  =  0.0  IFITMPY  .GT.  80.0)  DBHP  =  DSHD  ♦  O.R 

315  IF(^EGN(KAK,3,KAN)  .EQ.  0.0)  GO  TO  335  ''^  '°'''^''  '    °^"''    '    '°-°  *  °-^ 

SHW0(KAK,2.KAN)  =  CFMO(MX)  -  CFMC(MX)  ^'^'^^  °   n^o'' 

IF( SHWD(KAK,2,KAN)  .LE.  0.01  GO  TO  320  °B"   ^  "     '     , 

GR3WC(KAK,2,K4N]  =  CFMO(LX)  /  SHWD  (  K4K ,  2  ,  K  AN  I  ^,  d»  i  t  "'^''oo  c  T^.    45,60,50 

GR0WC(KAK,2,KAN)  =  (GR0WCIKAK,2,KAN)  -  1.0)  /  PD2                           *^  r^  Tr,'  =  c 

GO  TO  325                   '  ^°    '"  '' 

320  SHWD(KAK.2,KANI  =  0.0  ^^  "^T  =  PRET  .  0.98 

GR3WC(KAK,2.KAN)  =  0.0  •                   ^^  CONTINUE 

325  SHELT(KAK,2,KAN)  =  BDFO(HX)  -  BDFC(HX)  (.   ^D  DBHT  =  DBHE 

IF(SHELT(KAK,2,KAN)  .LE.  0.0)  GO  TO  330  C  COMPUTE  POST-THINNING  BASAL  AREA. 

GR0WB(KAK,2,KAN)  =  BDFO(LX)  /  SHE  L  T  (  KAK  .  2  .  KAN  )                              (; 

GR0WB(KAK,2.KAN)  =  ( GROWB ( K AK , 2 , K AN )  -  1.0)  /  P02                              IFIDBHT  .GT.  5.0)  GO  TO  65 

GO  TO  335  SQFT  .  11.58495  •  DBHT  -  11.09724 

330  SHELT(K4K,2.KAN)  =  0.0  jg  fO  70 

GRDWB(KAK,2,KAN)  =  0.0  (,5  |F(ObhT  .GE.  10.0)  GO  TO  75 

335  RETURN  ^                          j^„    ,  Og^T  •  DBHT 

E'^D  50F7  ^  7.76226  *  DBHT  »3. 95289  •  TEH  -0.07952  •  TEH  t  D8HT-3. 45624 

70  BAST  =  (REST  /  80.0)  *  SOFT 

Subroutine  CUTS  ,^  l°,,\"J°,,,, 

SUBROUTINE  CUTS  •                    80  RETURN 


C  TO  ESTIMATE  INCREASE  IN  AVERAGE  D.B.H.  DUE  TO  THINNING. 

C 

COMMON  ADD,AGE(2),4GEO,BA(2),BAS(2),BAS0,BAST,B4US,BFm;(CH.PFVOL, 
1CFV0L,DATE(6).0BH(21.DBHE,0BH0.DBHT.DEN(2).DEN0.0ENT.0HUS.FBA(21 
2FCTR(2).F0M(2),FDN(2I.FHT(2).F0RET(19),FVL(2),HT(2),HTCUM,HTS0. 
3hTST,KAK,KN0,MIN,HNK,NBK,NCMP.NSJB.NWGP, P DBHE. PRET, PRODI  2). re  ST. 


ENO 

Suhroulinc  WOKKCF' 

SUBROUTINE  WORKGP 
C 
C  TO  CALL  SUBROUTINES  CONTAINING  SPECIES  -  SPECIFIC  STATEMENTS. 


4SAvE,SBARB,SBARE,SBARG,SBAS,SITE.SL4N|1.TBA(2).T0M(2),TEM,TIME.TMBR  ^               COHHON  ADD.AGE(2].4GF0.BA(2],RAS(2),B4S0,BAST,BAUS.BFMRCH,BFV0L, 

5,THPO,TOT(2),TOTO.TOTT,TVL(2),VDH(2).VLUS.DHR(2)  ICE  VOL .DATE ( 6 ) . OBH ( 2 > , DBHE , OBHO. DBHT.DEN ( 2 ) , OENO. OE NT, DMUS . FBA ( 2 )  . 

COMMON  ABFAG(5,15I.4CINT(5I.A0J(S),A0ETH(5,14),ALLCF(5,14),AL0WC(5  2FC T R ( 2 ) , F DM | 2 ) , F DN ( 2 ) , F HI ( 2 ) , FDR f T ( 1 9 1 . F VL ( 2 ) , HT ( 2 ) . HTCUM , HTSO. 

l).ALWBF(5),AMCAG(5,15),ANCUT(5,14),AREA(5,14l,B0MAI(5),BFAGE(5,15)  3HTS T , KAK , KNO , MI N , MNK, NBK , NCMP , NS JB, NWGP , PDBHE , PRE T  ,  P^OOI  2 )  ,  RE  ST  . 

2.BF1NT(5),CFAGE(5,15),CF9F(5,14),COHBF(5].COMCU(5).:UCY(5),CUINT(5  4S A VE . SB AR B . SHARE , S 8 AR G. S B AS . S ( T E , SL AND . T B A ( 2 ) , T OH ( 2 ) , TEM,  T I  ME . TM9R 

3l.:UHAI(5].OBHTH(5.l4),OELAy(5),0ENTH(5.14).DLEV(5),FNBD(5),  5  ,  T  HPO .  TOT  (  2  )  ,  TOTO,  TOT  T .  T  l/L  (  2  )  ,  VDH  (  2  I  ,  VL  US  ,  DMR  (  2  ) 

4FN;U(5),GRnHB(5,2,14),&R0WC(5,2,14).GVLBF(5).GVLCU(5).INVL(5.3,14)  COHHON  ABF AG ( 5 , 15 ) , 4CI  NT ( 5 ) , ADJ ( 5  I , AGETH ( 5 , 14 ) , ALLCF ( 5. 14 ) . AL OWC ( 5 

5,NSI(51,OPBD(5).OPCUI5).PAIBD(51.PAICU(5),P00R(5),^EGN(5,3,141,  1  I , 4L WBF ( 5 1  , AHC AG ( 5 , 1 5 ) , ANC JT ( 5 . 1 4  I . A» F A ( 5 , 1 4 ) . BOMA I ( 5 ) . BE  AGE ( 5, 1 5  I 

6RINT(5).SARSP(5),SBF(5),SHELT(5,2,14),SHW0(5,2,14),SHC(5),SMSP(5),  2 , BF I  NT ( 5 ) , C F AGF ( 5 , 1 5 ) , CF BF ( 5 , 1 4 ) , COHBF ( 5 ) , COHCU( 5 ) , CUC Y ( 5 ) , CUI NT ( 5 

7SUSBF(5,14),SUBCF(5,14),SUMCF(5I.SYST(5).THIN(5).VLLV(5.3,14),  3 ) , CUHA I  ( 5 1 ,DBHTH ( 5 , 14 ) , OEL AY ( 5 ) , DENTH( 5, 14 ) , OLE V( 5  I , FN90( 5 ) , 

8W3NUM(5),WGPDES(5,20),WGPNH(5.3I.SPNUM(5).TPB(5,7),P45PI5,7)  4F n: U ( 5 ) , GROWS ( 5 , 2 , 1 4 ) , GOWC ( 5 , 2 . 1 4 ) . GVL BF ( 5 ) . GVLCU ( 5 ) , I NVL ( 5 , 3 . 1 4  I 

COMMON  4CBAR(7).ARRK(7).BARS)(7,14).BFTH(7.27).CMTH(7.27),CUTA(7.2  5,>,S,  (  5  )  ,  OPBD  (  5  )  ,  OPC  U  (  5  )  ,  P  A  I  BD(  5  )  ,  PA  I  C  U  (  5  I  .  POOR  (  5  I  .  R  E  GN  (  5,  3.  1  4  )  . 

17).:UTB(7.27),HELP(7,27),NSBK(7),DPEN(7,27),PBRSI(7,14),PDCFN(7,27  6fl I  NT ( 5 1 , S4RSP ( 5 ) , S BE ( 5 ) , ShEL T ( 5 , 2. 1 4 ) , SHWO( 5, 2 , 1 4 ) , SHC I  5 ) , SMSP  (  5 1  , 

2),P0CFR(7,27I,PSPLT(7,27),PUNC(7,27),SARETY(7.35),SLVG(7,27).SPLT(  7SUB8F ( 5 . 14 ) . SUBCF ( 5 , 1 4) . SUHCF ( 5 ) . SYST ( 5 ) , THI N ( 5 ) , VLL V( 5, 3, 14  I . 

37,27)  ,TMTY(7I  ,UNCML(7,27)  ,PABR(7)  ,P4RTY(7,35)  RWGNUM ( 5 ) , WGPOE S ( 5 , 20  I  ,HGPNH ( 5 , 1  I , S PNUM( 5 1 , TP6 I  5 , 7 ) , P ASP  (  5 , 7  I 

COMMON  ACFNL(5.7.15  1.4CRGN(5,7, 15),ACSI(5.7,14  1,ACSP(5,71  ,CRB0(5.7  COHHON  ACB4R(7),ARPK(7),BARSI(7,14),BFTH(7.27],CMTh(7,27i.CUT4(7,2 

1.15),GRHC(5.7.15),PS(5,7,14),STYP(35),TYPNM(35,5),PASI(5,7,14)  1 7  I , CUTB ( 7 , 27 ] , HELP ( 7 , 27 ) , NSBK ( 7  I , OPEN ( 7, 27  I , PBRSI ( 7 , 14) ,POCFN( 7, 27 

C  2I,P0CF-!(7,27I,PSPLT(7,27I,PUNC(7,27),S4RETY(7,35),SLVG(7,27I,SPLT( 

COMMON  /BLKA/  ANBDF ( 151 ) . ANCUVI 151),BDFC(150).BDF0(150).CFMC(150),  37,27),TMTY(7),UNCML(7,27),PABR(7),P4RTY(7,35) 

■CFHOdSO)  ,CYCL,IR0T,K4N.PD1.PD2.QUAL(  14  )  .  ROTA,  VLBF  (  14  )  .  VLCU(  14)  COHHON  ACF  NL  (  5  ,  7  ,  I  5  )  ,  AC  RGN  (  5  ,  7,  1  5  )  ,  ACS  I  (  5,  7  ,  1  4  )  ,  AC  SP  (  5  .  7  I  ,  GRBOI  5  .  7 

C  1,15),GRMC(5,7,15I,PS(5,7,14I,STYP(35),TYPNM(15,5),PASI(5,7,14) 

COMMON  /BLKD/  I J,IK,KI,VOL,TVOL  t 

C  COMMON  /BLKD/  IJ, 1K,KI ,VOL,TvOL 

IFIDBHO  .LT.  9.41  GO  TO  20  C 

C  C  EXPAND  FOLLOWING  GO  TO  AS  NEEDED  FOR  ADDITIONAL  SPECIES. 

C  COMPUTE  D.B.H.  IF  OBHO  IS  LARGE  ENOUGH  FOR  BASAL  AREA  T3  REMAIN  C 

C  CONSTANT.  NKAK  =  SPNUM(KAK) 

C  00  TO  (1  ,2  ,3,4,51 ,  NKAK 

PRET  =  100.0  1  CALL  BHPP 

DO  15  KJ=1,100  RETURN 

IJ  =  5  2  CALL  LDGP 

CALL  WORKGP  RETURN 

lOBHE  =  DBHE  »  10.0  ♦  0.5  3  CALL  SWPP 

DBHE  =  I08HE  f      RETURN 

DBHE  =  DBHE  •  O.l  (;  CONTINUE  CALLS  TO  SUBROUTINES  TO  MATCH  LENGTH  OF  GO  TO. 


DENE  =  OENO  •  PRET 
NOENE  =  DENE  »  0.5 


C 


CONTINUE 


DENE  =  NDENE  rj^URN 


BASE  -  0.0054542  •  DBHE  •  DBHE  »  DENE 
NBASE  =  BASE  •  10.0  »  0.5 
BASE  =  NBASE 


CONTINUE 

RETURN 

END 
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Subroutine  GOT 


c 

C  RE40  INVE'JTORY  DATA,  ONE  RECORD  AT  A  TIME  FROM  CARD  TYPE  9.  LAST 
SUBROUTINE  GOT  t  RECORD  IS  CARD  TYPE  10  WITH  I BK  =  99  TO  STOP  PROCESSING. 

C 


C 

C  TO  COMPUTE  PRESENT  VOLUMESi  DISTRIBUTIONS  OF  AREA  AND  VOLUMEi  AND  READ  (ICT9,20)  I BK, KOMP, I S JB, QTRl , 0TR2, SECT, TOWN, RANGt SI TE t STR Y, 

C  POTENTIAL  GROWTH  FROM  INVENTORY  DATA.  1  NTyP,  WORK ,F I SC. OBH( 1 1 ,HT I  1 1 , DEN( 1 1 , AGE ( I ) ,OMR I  I  I ,OBH( 2  I ,HT I  J  I ,DEN ( 

C  221. AGFI2) ,nMR(2) .ACRE, WHEN 

COMMON  ADD,AGE(2I  ,  AGECBAI  2),BAS(21,BASO,BAST,BAUS,BFMRCH,BFvOL,        20  FORMAT  (I2,I'.,n,3A3,2A4,F3.0.Fl.0,I2,FI.O,F4.0,F3.l,Fi.0,F5.0,Fi. 
lCFvaL,DATEI6l , DBM ( 2 1 . OBHE , DBHO, OBHT , DE N ( 2 ) , DENO, DE NT , ONUS , F8A ( 2 )  ■         10.F2.1.F3.1.F3.0.F5.O.F3.0,F2.1,F5.1,F'..0l 

2FCrRI2I.FDMl2l.FDN(2I.FHT(2),F0RET(19),FVL(2l,HT(2),HTCUM,HTS3,  C 

3HTST,KAK,KNQ,HIN,MNK,NBK,NCMP,nSUB.NWGp, PDBHE.'"tET,P?aD( 21 .RE  ST,  c  STOP  VOLUME  COMPUTATIONS  |F  ALL  INVENTORY  RECORDS  READ. 

«SAVE,SBARB,S8ARE,SfiARG,SBAS,SITE,SL«ND,TBA(2),TDM(2l,TEM,TIHE,TM'iR  c 
5,TMPO,TOTI2l,TnTn.TOTT.TVL(2I.VD><(2l  .VLUS.0Mi((2l  IF  (IBK  .EO.  991  GO  TO  ".00 

COMMON  ABFAG(5.l5l.ACINI(51.ADJi5),AGETHI5,l<.),ALLCF15,l'.l,AL0WCI5  C 

11  ,ALWBF(51  ,AMCAG(5,IS  l,ANCJT15,  1<.1,AREAI  5,1'.I.BDMAI1S1.BFAGE(  5.151  C  CONTINUE  COMPUTATIONS  IF  ALL  RECORDS  NOT  READ. 

2.BFlNT|5).CFAGE(5,15  1,CFBFI5,lAI,C0MBF15l,CaMCU(51,CUCY(5),CUINTI5  C 

31,CUMaH51  ,DBHTh(5,1«I,DELAYI  51,DENTH(5,  m  ,DLEVI51  ,FNBD(5I,  IF  INTYP  .GT.  251  GOTO  10 

<.FN:u(51  .GR0WB(S,2.1'.l  .G*0wC(5.2,l'.l.GVLBF(51,GVLCUI51,  INVL15,3,  l<.l         KAN  =  (SITE  ♦  <• .  5 1  •  0.1 
S.NSI  151  ,0PBD(51  ,0PCUI51,PA1BD(51,PAICUI5I,P0DR(51,REGNI  5,  3.1<.l.  ST3R1  =  HTIll 

6RINr  151  ,SARSP(51.SBFI51.SHELTi5,2,  141,ShWDI5,2,1'.1  ,SMCI51  ,SMSP|51  ,         ST0R2  '    HTI2I 
7SUBBF(5,1«I,SUBCF(5,1<.1,SUMCFI5HSYST(5I  ,THINI51,VLLV(5,3,l'.l,  JS  =  I  AGE  I  1  1  •  9.51  •  0.1 

BWGNUM<51 .WGPDES(5. 201  .WGPNMI5.il. 5PNUMI5I ,TPBI5, 71, P»SP(5, 71  IFISTRY  .CT.  0.01  jS  =  IAGE(2I  ♦  9.51  •  0.1 

COMMON  ACBAR 171 , ARBkI 71 , BARS I( 7, 14  I, BFTHI 7, 271,CMTh( 7, 271  ,CUTA( 7,2         IFIJS  .GT.  151  JS  =  15 
171  ,CuTB(7,27l ,HELPI 7, 271.NSBK( 7l.aPEN(7,271 .PBRSI  (7.141 ,PDCFNI7,27  IFINTYP  .(;T.  0  .AND.  NTYP  .LT.  61  KAK  =  1 

2I,PDCFR(7,271 .PSPLT(7,271 .PUNC(7,27l .SARE7Y(7.35I.SLVG(7,271 .SPLT(         IF(NTYP  .GT.  5  .AND.  NTYP  .LT.  Ill  KAK  =  2 
37,271 .TMTY(7I .UNCML(7, 271 ,PABR(71 ,PARrY(7, 351  IF  (NTYP  .GT.  10  .AND.  NTYP  .LT.  16)  KAK  =  3 

COMMON  ACFNL(5,7,15I , ACRGN(5,7,151,ACSI( 5,7,14),a:SP(5,71 ,GRBD(5,7         IF  (NTYP  .GT.  15  .AND.  NTYP  .LT.  21)  KAK  =  4 
l,15),GRMCI5,7,151 ,PS(5,7,14I,STYP(35),TYPNM(35.51 fPASI (5,7,141  IF  (NTYP  .GT.  20  .AND.  NTYP  .LT.  25 1  KAK  =  5 

C  IFISITE  .LT.  POORIKAKll  GO  TO  10 

COMMON  /OPT/  OPTION, ICT9  IFIDBHdl  .GT.  0.0)  GO  TO  35 

C  C 

COMMON  /BLKA/  ANBDFI  151), ANCUV(  1511, BDFCI 1501, BDFa( 1501, CFMC( 1501 .  C  TEST  FOR  NONCOMMERCIAL  THINNING  IN  VERY  YOUNG  STANDS. 

ICFMOdSOl.CYCL,  IR0T,KAN,PD1,PD2,0UAL(  1<.).R0TA,VLBF(1'.),VLCU114)  c 
C  IFIWORK  .NE.  2.01  GO  To  10 

COMMON  /BLKB/  PAFNI 5 , 7, 15 1 , PARGI 5, 7. 15 ) ,  IFIACRE  .EO.  0.01  GO  TO  30 

1PBFT(7,27),PCMT(7,27) ,PCT»( 7,27),PCTB(7.27),PGBD(5.7, 151.PGMC(5.7.         HELP ( I BK . NTYP 1  =  HELP  I  I BK , NTYP 1  ♦  ACRE 
2151 ,PHUP(7, 271 ,pOPN( 7,271 ,PPBF(5, 7. 151 .PPCR( 7,271 .PPFN( 7. 271 ,  50  TO  10 

3PPH:(5, 7. 15) .PPTC(5, 7.151 .PSLV(7. 271. PTBF(5, 7,151, PTCU(  5,7,151,         30  PHLP ( I BK , NTYP 1  -  PHLP ( I BK , NTYPl  »  l.O 
'.PTMCI5,7,151  GO  TO  10 

C  C 

COMMON  /BLKO/  I J,IK,KI ,VOL,TVOL  C  COMPUTE  BASAL  AREAS  AND  VOLUMES  PER  ACRE. 

C  C 

DIMENSION  FBD(21 ,FMC( 21 ■BFM(21,CM( 21, TBD( 2) ,TCM( 21  35  DO  40  1=1,2 

C  8AS(I1  =  0.0054542  •  DBH( I )  •  DBH(l)  •  DEN( I ) 

C  INITIALIZE  VARIABLES  FIRST  DEFINED  IN  THIS  SUBROUTINE.  IFIDBHdl  .LT.  3.0)  GO  TO  40 

C  IF(AGE(I)  .LT.  TEM)  GO  TO  40 

DO  2  l=l,NWGP  IJ  =  1 

DO  2  J=1,NBK  IK  "    I 

DO  2  K=l,15  CALL  WORKGP 

PAFN(I,J,K1  =  0.0  40  CONTINUE 

PARG( I , J,K1  -  0.0 
PGBD(I,J,K1  =  0.0 
PGm:( 1 , j,k1  =  0.0 
PPBF( I ,J,K1  =  0.0 
PPMC( I ,J,K1  =  0.0 

ppr:(i,j,K)  =  0.0 

PTBF ( I , J,K)  =  0.0 

PTCU(I,J,K)  =  0.0 

PTMCd  ,  J,K)  =  0.0 
2  CONTINUE 

00  4  1=1, NBK 

DO  4  J=l,27 

PBFT(I,J)  -  0.0 

PCMTd.J)  -  0.0 

PCTA( I, J)  =  0.0 

PCTBd  ,J)  =  0.0 

PHLPd.Jl  =  0.0  LEVL  =  80.0  •  BASIKl  /  (7.76225  •  DBH(K)  »  0.85289  •  TEM 

POPNd.Jl  =  0.0 

PPCOd  ,J)  =  0.0 

PPFNd  ,J)  =  0.0 

PSLVd.J)  =0.0 
4  CONTINUE 
C 

C  INITIALIZE  VARIABLES  RECOMPUTED  FOR  EACH  INVENTORY  RECORD. 
C 

10  DO  15  1=1.2 

BASdl  =  0.0 

BFNd  I  =  0.0 

CM(1 )  -  0.0 

F8A(  I  )  =  0.0 

FBDII  )  =  0.0  % 

FDMI I )  =  0.0 

FON( I )  =  0.0 

FHT( I)  =  0.0 

FMC( II  =  0.0 

FVL( 1 )  =  0.0 

TBA( I )  =  0.0 

TBDd  )  =  0.0 

TCMII)  =  0.0 

TDMI I )  =0.0 

TVLd  )  =  0.0 
15  TOTdl  =  0.0 

BAUS  =  0.0 

BDUS  =  0.0 

BFVOL  =  0.0 

CFVOL  =  0.0  TMCF  =  CMdl  ♦  CM(21 

CMUS  =  0.0  TM80  =  BFMll)  »  BFM(21 

DMUS  =  0.0  IFIACRE  .EO.  0.01  GO  TO  115 

ONUS  »  0.0  PICLKKAK, IBK, JSl  =  PTCUI K AK , I BK , JS 1  »  (TOTIll  »  T0T(2I1  •  ACRE 

FTBO  =  0.0  PTMC(KAK,IBK,JS1  =  PT MC I K AK , I BK , J S 1  ♦  (TMCF  •  ACREl 

FTCM  =  0.0  IF(TMBD  .LT.  BFMRCHl  GO  TO  120 

HTuS  =  0.0  PTBF (KAK, IBK, JSl  =  PTBF ( KAK , I BK , JS 1  ♦  ( TMBD  •  ACREl 

STORl  =  0.0  GO  TO  120 

ST0R2  =  0.0  115  ppt:(KAK,IBK, JSl  =  PPTC I KAK , I BK, JS )  *  TOT(l)  ♦  T0T(2) 

TEM  =  MIN  PPMC(KAK,IBK, JS)  =  PPMC ( K AK , I BK , JS )  ♦  TMCF 

TMBO  =  0.0  IFITMBD  .LT.  BFMRCH)  GO  TO  120 

TMCF  =  0.0  PPBF(KAK,IBK,JS1  =  PPBFI KAK, I BK , JS 1  •  TMBD 

VLUS  -  0.0  C 


c 
c 

c 

IF  WORK  CODED  FOR  THINNING,  VERIFY  TH 

IFIWORK  .EO.  2.0)  GO  TO  50 

IFIWORK  .EO.  5.0)  GO  TO  55 

GO  TO  90 

50  K  =  1 

GO  TO  50 

55  K  =  2 

50  1F(0BH(K)  .LT.  2.0)  GO  TO  90 

IFIDBHIK)  .GT.  5.01  GO  TO  65 

LEVL  =  80.0  •  BASIKl  /  (11.58495 

TMPY  =  THINIKAKl 

GO  TO  80 

65  IFIDBHIK)  .GE.  10.0)  GO  TO  70 

TEM  =  0BH(K1  •  DBH(K1 

LEVL  =  80.0  •  BAS(K1  /  (7.76225  • 

1«  TEM  •  DBH(K)  -  3.45624) 

GO  TO  75 

70  LEVL  =  BAS(K1 

75  TMPY  =  DLEVIKAKI 

80  IFIWORK  .EO.  6.0)  GO  TO  85 

IF(LEVL  .LE.  TMPYl  WORK  =  0.0 

GO  TO  90 

85  IFILEVL  .LE.  TMPYl  WORK  =  5.0 

c 
c 
c 

90  IF(ToT(l)  .EO.  0.01  GO  TO  120 

CONVERT  TOTAL  CU.  FT.  TO  OTHER  UNITS. 

IFIDBHdl  .LE.  4.99)  GO  TO  105 

KNO  =  2 

BA(1  )  =  BASdl 

BA(2)  =  BAS(2 1 

VDMlll  =  DBHdl 

VDMI2I  -  DBHI21 

IJ  =  2 

CALL  WORKGP 

00  100  1=1,2 

BFMdl  =  TOTdl  •  PRODdl  •  0.001 

100  CM(I)  =  TOTIll  •  FCTRIIl  •  0.01 

105  DO  110  1=1,2 

c 
c 
c 

110  TOTI 1 )  =  TOT( I  1  •  0.01 

ADD  VOLUMES  TO  APPROPRIATE  TOTALS. 

34 


C     CDXPUTE     SRDWTH     FOR     'JFXT     PF»iaO     rtV     HORKl>jr,     r.RnUP.     HLOiK,     a>4D     4Gt     LLASS. 


•^US  -  CX(2I 


120  IF{nnRK  . 
IF( BFMl 1 ) 


NE. 


3.01  GO  TO  no 

.LT.  COMBF  IKAKl  I  r,n  TO  K 


01  GO  TO  IP'S 

=  SLVr.l  IBK.MTYP) 


IFIICRE  .EC).  0 
SLVjI IBK.NTYP) 

r,n  TO  10 

125  PSLVl IBK.NTYPI  =  PSLV( IBK.STrPl  t 

GO  TO  10 
1 30  TKOV  '    AGE (II  »  TIME 

T  E  M  =  M  I  M 

IFITMDY  .LT.  TEMl  GO  TO  150 

SBAS  =  BAS( 1 1  •  n4S(2 ) 

IF(S8AS  .SO.  O.DI  GO  TO  153 

J  =  TIME  /  RINT(KAK) 

00  l<.0  K=1,J 

IJ  =  3 

CALL  WDRKOP 

IF(J  .EQ.  II  GO  TO  140 

00  135  1=1,2 

AGF(  I  1  =  ACE(  I  I  ♦  RPITIKAKI 

nBH( I  I  =  FOMl I) 

OENI II  =  FONI  I  I 

HT( I  I  =  FHT(  I  1 
135  CONTIVIUE 

SBAS  =  FBAd  I  »  FBA(2  I 
1<.0  CONTINUE 
C 
C  CONVERT  TOTAL  CU.  FT.  TO  OTHER  UMITS. 


IFlFOHdl  .LE.  4.991  GO  TO  150 

KNO  =  2 

RAI 1 1  =  FBO (  1  I 

RA(2I  =  FR4I2 I 

VDM(  1  I  =  FOMI 1  I 

unMi2 I  =  rnM( 2  1 
IJ  =  2 
CALL  UORKGP 
00  145  1=1.2 
FBOd  I  =  FVLI  !  I 
F«:(I I  =  FVLI  I  I 
145  CONTINUE 


21:  PGN>:(KAK,lfK.  JSl   =  PM/CIKSK,  IRK,  JSI  »  IFMC(2I 

121  «  FMCIll  -  CMIll  •  DHV  »  TEMl  •  5.5 
215  IFl«(,i^(ll  .GE.  PFG^KK  AK,2,KAN1  1  GO  TO  223 

BFVOL  =  (RFMllI  .  FBDIllI  •  :.5  -  SHFL T ( K AK , 1 , K AN  1 

:fv3l   =    CMdi    »  r"Cdii    «  0.5  -  SHrfn(KAK,  1  ,kan  1   •  0.01 

GT  T3  225 
223  BFVOL  =  (HFHlll   »  FUPdll  •  1.5  -  '.Hf  L  T  (  « AK  ,  2  ,  K  4'4  1 

CFVOL  =   (CMd)  ,  F'ICI'.II  »  3.5  -  5HWI)(K4K,2,KAN1  •  0.01 
225  IFCBFVOL  .LT.  Cn!'HF(K4Kll  GO  TO  235 


1 


I FHOI 1 )  -  BFMI 111  >  0.5 
( FHCI II  -  CMI 1 M  •  0.5 


PRODI  I  I 
FCTRI  1  I 


001 
01 


ADD  PERIODIC  GROWTH  IF  NO  JORK  IS  PLANNED  OJR ING  NFXT  PERIOD. 


150  IFUORK  .GT.  1.01 
IFISCRE  .cQ.  0.01 
GRBOIKAK,  IBK,  Jsl  = 
GRm; IKAK, IBK, JSI  = 
GO  TO  IC 

;55  PGBOIKAK, IBK, JSI  = 
PGM: (KAK, lOK,  JSI  = 
GO  TO  10 


GO  TO  170 

GO  TO  155 
GBROl KAK, IBK. JS I 
COMCI KAK,  [BK, JS  1 

PGODI KAK, IBK, J5I 
PGMCI KAK,  IBK, JS  1 


IFBDI lltFBDI 2I-TMB31 
IFMCI  I  l»FMCI  ;l-TMCF  I 


FBOI  1  I 
FKCd  I 


FB0I2I  -  TMBO 
EMCIPI  -  TMr.F 


CDMPUTE  FUTURE  UNTHINN'=D  UNDERSTORY  IF  avERSTORY  15  JFDUCED  NOw. 


170  IFIWORK  .LT 
IFUORK  .GT 
IF(r)eH(21 
IJ  =  4 
CALL  WORKGP 
IFIDMUS  .LT. 
KNO  =  1 
BAdI  =  BAUS 
VDMdl   =  OMUS 
IJ  =  2 
CALL  WORKOP 
BDUS  =  VLUS  ' 
CIUS  =  VLUS  • 


I  GO  TO  175 
.  5.0  1  GO  TO  175 
EQ.  n.OI  GO  TO  175 


5.01  GO  TO  175 


PROOdI 
FCTRd  I 


3.31 


DETERMINE  POTENTIAL  JORK  LOAD  FOR  NEKT  PERIOD.  CREDIT  FUTURE  CUTS 
WITH  HALF  PERIODIC  GROWTH  OBTAINED  IF  NOT  CJT. 

INCLUDE  STANDS  NEAR  ROTATION  AGE  IN  POTENTIAL  REGENERATION  CUTS 
REGARDLESS  OF  WORK  INDEX. 


VOL  =  RFVOL 

TVUL  =  CFVOL 

CALL  wORkGP 

IFIACRE  .JO.  0.01  GO  T^  233 

CUIAI  IBK.NIYPI  =  CUTAI  HiK ,NTYP1  ♦  IRFVOL  •  ACREI 

POCERI  IBK  .'ITYPl  =  PDCFRl  IHK  ,NTYP  I  ♦  I  ADD  •  ACREI 

GO  TO  10 
230  PCTAIIflK,i'ITYP|  =  PCTAd  Pk  ,NTYPI  t  PFVOL 

PP:RI inK,NTYP|  =  PPCR  IIBK ,NrYPl  •  ADD 

GO  TO  13 
235  IFCFvOL  .LT.  CO^ICUIKAKII  GO  TO  10 

IF (ACRE  .EU.  0.31  GO  TO  241 

PncFRI  IBK,NTYP|  =  PDC FR 1  I BK , NT Y P I  ♦  ICFVOL  »  ACREI 

GO  TO  19 
240  PPCR IIBK, NTYPl  =  PPCR  I  I BK , NT Y P )   >  CFVOL 

GO  To  1 0 
C 

C  COMPUTE  GROWTH  AND  YlFLO  OF  STANDS  To  LOSE  QVERSTObY  IN  NEXT  Pe'IOD. 
C 

245  IFIACRr  .FO.  3.01  GO  TO  253 

G»B3(KAK,  IBK,  JSl  =  GRBOKAK,  IBK,  JS  in  I  FBPd  1  -  8FM11II  «  0.5I«ACRE 

GRMCIKAK.IBK,  JSl  =  GRMCKAK,  IRK,  jSin  IFMCd  1  -  C  -  I  1  11  «  0.5|«ACRE 

ACFNL IKAK, IBK, JSI   =  ACF NL I < AK , 1 BK ■ JS 1  »  ACRE 

GO  TO  255 
253  PGBOIKJK, IBK, JSI  =  PGhD I KAK , 1 BK , J S I 

PG"; IKAK, lOK, JSI  =  PG"CIKAK, 1 BK, JSI 

PAFNIKAK, IRK, JSI  =  P AFN ( K AK . I BK , J S I  *  l.P 
255  RFVOl  =  IBFMllI  *  FBPdll  •  0.5 

CFVOL  =  lr."dl  *    FMCIlll  *  3.5 

IFUFVOL  .LT.  CQMBFIKAKII  GO  TO  265 

I  J  =  6 

KI  =  1 

VOL  =  FlFVOL 

TV3L  =  CFVOL 

CALL  WORKGP 

IFIACRE  .FO.  P. 01  GO  TO  263 

CUTBI  IRK.NTYP  1  =  CIITB  I  I  BK  ,  NT  Y  P  1   •  PFVOL  •  ACRE 

PD;FNd6K,NTYPI   =  POC  FN  I  I  BK  ,  NT  Y  P  I  »  lADD  •  ACREI 

GO  TO  275 
260  PCTfl( IBK,NTYP1  =  PC TR d BK , NT Y P 1   .  PFjni 

PPFNI IBK,NTYP|  =  PPFN 11 BK , NT Y P I   t  ADD 

GO  TO  275 
265  IFCFVOL  .LT.  COMCUIKAKll  GO  T3  iT> 

IFIACRE  .EO.  0.01  GO  TO  ?73 

POCFNI IBK.NTYPI  =  PDCFNl |BK,NIYPI  •  CFVOL  «  ACRE 

GO  TO  275 
270  PPFNI IBK,NTYPI  =  PPF N d RK , NT Y P I  t     CFVOL 
275  IFIWORK  .GT.  5.01  GO  TO  2R5 

IFIACRE  .EO.  0.01  Gfl  TO  PRO 

GRBOIKAK.IBK, JSI  =  ORBPIKAK  ,  I  OK, JS  ) 
IM(2I  I  «  ,i.5  *  ACkT 

RRMCIKAK, IBK, JSI  =  GR VC l< AK , | BK , J S 1 
1211  •  0.5  «  ACRE 

GO  TO  10 
2B0  PGfl3IKAK,IRK, JSI  =  PGBDl k Ak , I BK , JS  I  »  (FPDI2I 
1M(2I I  »  0.5 

PG"C  KAK,  IBK,  JSI  =  PGMCK  AK,  1  BK  ,  JSI  ♦  IFMCI2I 
1211  •  C.5 

GO  TO  10 
285HT(ll=STORI 

HT(2I  =  STnR2 


IFFni2l  -  BFM(2I  ♦  BDUS  -  BF 
I  F"C(  21  -  CMI  21  <■  CMUS  -  CMI 


RF"I 21  ♦  BDUS  -  BF 
CMI2I  »  CMUS  -  Cm( 


C  GFT  VOLUMF  if  thinned  NOW  AND  IF  THl\\ED  IN  IIMf  YEARS. 


175  IFIWORK  .EO.  2.01  GO  TO  285 

IF(WORK  .GT.  4.01  GO  TO  245 
C 

C  COMPUTE  GROWTH  AND  YIELD  OF  STANDS  TO  RE  REGENERATED  IN  MEXT  PFRIOO. 


,2,kANI  I  GO  TO  180 
•  TIME 


TIME 


IFIAGEdl  .GE.  REGNlKAi 

TEM  =  GROWBIKAK, 1,KANI 

OMY  =  5HELTIK4K, 1 ,KANI 

GO  TO  185 
ISO  TEM  =  GR0wBIKAK,2,KANI 

DMY     =     SHELTIKAK,2,KAN I 
185    TMPY    =     (FBDdl     <-    BFMIlll     •    0.5 

IFITMPY  .LT.  OMYI  OMY  =  TMPY 

IFIACRE  .EO.  0.01  CO  TO  190 

GRBDikAk, IBK, JSI  =  GRBOIKAK, IBK, JSI  t  IFBD121  ♦  i 
IM(2I  ♦  FBDill  -  BEKdl  ••  OMY  •  TFMI  •  0.5  •  ACRE 

ACRGNIKAK, IBK, JSI  =  ACR G M I K AK , I BK , jS I  »  ACRE 

GO  TO  195 
190  PGBOIKAK,  IBK, JS I  =  PGBOI KAK,  IBK, JS  I  ■»  IFBDI2I  ♦  i 
1M(2I  »  FBDdl  -  BFMdl  f  OMY  «  TEMl  <■  0.5 

PARGIKAK, IBK, JSI  =  P ARG( K AK ,  I BK , J S  I  ♦  1.0 
195  IFIAGEdl  .GE.  RFGN(KAK,2,KAM  I  GO  TO  200 

TEM  =  GROWCIKAK, 1 ,KAnI  •  TIME 

DMY  =  SHW01KAK,1 ,KANI  •  3.31 

GO  TO  205 
203  TEM  =  GROWCIKAK, 2, KANI  •  TIME 

DMY     =     SHW0(K4K,2,KANl      •     O.Ol 
205     TMPY     -     IFMCdl     »•     CMIlll     •     S.5 

IFITMPY  .LT.  DHYI  DMY  =  TMPY 

IFIACRE  .EQ.  0.01  GO  TO  210 

GRMCIKAK, IBK, JSI  =  GRMCIK4K, IBK, JSI  »  IFMCI2I  ♦  C 
121  ♦  FMCdl  -  CMIll  »  DMY  •  TEMl  •  3.5  •  ACRE 

GO  TO  215 


OUS  -  BFMI2I  -  BF 


K  =  1 

IFIWORK  .EQ.  6.01  K  =  ? 

DO  310  1  =  1  ,2 

REST  =  DLEVIKAKl 

IFII  .EO.  21  GO  TO  300 

IFIOBHIKI  .EO.  0.01  GO  T J  31u 


CMI2I  -  CMI 


IFIOBHIKI  .LT 
DRHO  =  OBHIKI 
OFnO  =  OENIKI 
1,0  TU  105 

303  IFIFDMIKl  .EU 
IFIFOMIKI  .LT 
DRHO  =  FOMIKI 
DENO  =  FDNIKI 

305  CALL  CUTS 

TBAIII  =  BAST 
TDM(  I  1  =  ORHT 
IFII 

IFII  .ro.  21 

I  J  =  7 
IK  .  I 
KI  =  K 
CALL  WORKGP 
31J  CONTINUE 

CONVFRT  TOTAL  CU.  FT. 

!FITD''I2I  .LF.  4. 
KNO  =  2 

BAdI  =  TPAd  I 
BAI2 I  =  IRAI21 
VDMIll  =  TDMIll 
VDMI2I  =  TnMI2l 


6.DI  REST  =  THINUAKI 


GO  TO  313 

3EST  =  THINKAKI 


II  SAVF  =  Oirj 

TIKI  =  FHI I KI 


TO  OTHER  UMTS. 
99  1  GO  TO  320 


35 


IJ  =  2 

C4LL  WORKIP 
no  315  1=1,2 

IF  ITVl  II  1     .f  0.    3.01    r.O    ID    311 
TDOII)     =    Tl/L(ll    •    PROOIll     •    0.001 
TCfin     "     TVLIII     •    FCTRIIl     •    0.01 
315    CO-allNUE 
C 

r.  r.ET  ST»rus  it  end  of  period  3f  a  plot  ihimned  »t  srmt  of  period. 
c 

320  Mil  II  =  STORl 

IF(«  .FO.  21  Hllll  =  ST0R2 
I  J  =  8 
Kl  =  K 

C4LL  mORkOP 

IFIFOMIl)  .LE.  '•.99)  &T  in  330 


CONVERT  TOTAL  Cu.  FT.  TO  niHER  UNITS. 

KND    =    1 

PAID     =    FijAIll 
VDMllI     i     FOHIll 
IJ    =    2 
CALL    viORKOP 

FTBD    =    FVLdl     •    PRODIll     •    D.ODl 
FTC"    =    FVLIll    •    FCTRUI    »    3. CI 
IFIACRE     .EO.    O.CI    -.0    TO    325 

r.R8Dl«AK,IBK,JS)     =    GhBOUA'C,  IBK,  JS)     »     IfPDIKI    -    P  F » I  <  1    »    FTBD    -    Tf. 
imil  I    •    0.5    •    ACRE 
r,RV;|KAK,lBK,JSI     =     r.RXCKAK,  1  BK,  J<,l     «     IFMCIKl     -     CM(K)     •     FTC"     -     TCM 

1(11 1    •    0.5    »    ACRE 

5a  TO  330 
325  P3R0IKAK,  IPK,  JSI  =  Pr.BlHKAK,  IBK.JSl  ♦  (FBOIKl  -  RfMIKl  ♦  FTBD  -  T') 
inlll 1  ♦  ;.5 

P5": IKAK, IBK, JSI  =  PCMCIKAK, IBK. JSI  »  IF»CIK1  -  C«IKI  »  FTC"  -  TC" 
II 11  I  •  0.5 

ASSIGN  THINNINGS  TO  HO.  FT.  OR  CU.  FI.  T1TALS,   IF  COMMERCIAL. 

330  THP  =  IFBOIKI  -  TP0(2)  •  BFMIKI  -  IpDIll)  •  :.5 

TH:  =  IFMCIKl  -  TCM(?I  ♦  CIIKI  -  TCMIlll  •  0.5 

IFIThB  .LT.  COMBFIKAK))  do  to  343 

\J    -    h 

Kl  =  K 

VOL  =  THB 

TV3L  =  THC 

CALL  WDRKCP 

IFIACRE  .FO.  0.01  GO  Tr\    335 

BFTHI IBK.NTYPI  =  BFTH I  I BK . NT YP ) 

CMTHI  IRK.NTTP)  =  CTHI  I  BK.NTYP) 

OPENI IBK.NTYPI  =  OPEN  I IBK.NIYP) 

GO  TO  10 
335  PBFTl IBk.nTYpI  =  PBFT I |8K , NT YP ) 

PCXTI IBK.NTYP)  =  PCMTIIBK.NTYP) 

POPNIIBKiNTYPI  =  POPNIIBK.NTyPI 

GO  TO  10 
340  IFITHC  .LT.  COMCUCKAK))  GO  TO  35: 

IFIACRE  .rO.  0.01  GO  TO  3<.5 

CMTHI I BK.NIYPI     =     CMTHI IRK.NTYPI 

UPENI  IRK.NTYPl     =     OPENI  IBK,><TYP) 

GO  TO  10 
3<.5    PCMTl  IPK.NTYPI     =    PCMTIIBK.NTYP)     •     THC 

POPNIIBK.NTYP)     =     POPM  IBK.NTYP)     »     l.C 

GD  TO  10 


ITHB  •  ACRE) 
(ADD  •  ACRf) 
ACOF 

ThB 
ADD 
1.3 


ITHC  •  ACRE) 
ACKE 


MAKE  RECORD  OF  NONCOMMERCIAL  THINNINGS. 


350  IFIACRE  .EO.  C.3)  Gn  Tn  355 

HElPI IBK.NTYP)  =  HFLPI IBK.NTYP) 

GO  TO  13 
355  PHLPIIBK.NTYP)  =  PHLP I  I BK , NTYP) 

GO  TO  10 
'.00  RETURN 

END 

Siihrouliiie   SUMS 


ACRE 
1.0 


SUBROUTINE  SUMS 
TO  COMPUTE  VOLUME  AND  AREA  TOTALS  BY  WORK  I NC  GROUP . 


AGE 


COMMON  AD0,AGEI2l , AGEO, BA I  2 ) ,BAS I  2 ) > BAS3, BAST .BAJS , BFM*CH 
1CFV0L.0ATF(6)iDBhI2)  ,  DRhE  .  DBHO,  PPMT  ,  r>ENl  2  I ,  DEMO,  DENT  ,  UMUS 
2FCTRI2I  .FOMIZ)  ,F0NI2)  ,FHri2),FnRETI  1<)),FVLI  2),HTI2)  .HTCUM 
3HTST,KAK,KNO,MlN,"NK,N»<,NCMP,NSJB,NHnp,P0BHE.PRf T,P3  00I  2 
'.SAVE,SBA»B,SBARE.SBA?&,SBAS,SITE,SLANO,TeA(2),TOM(2l,TFK, 
5,TMpO.TOTI2).I0Tn,T0TT,T,/LI2lfV0'<l2)fVLJf.  ,DM!i(2) 

COMMON  ABFAG15.15I.ACINTI5I  ,  ADJ  (  5  ) ,  AGfTHI  5,l'.l,ALLCFI5,l'. 
II,ALKBFI5).AMCAGI5,15),A'JCJTI5,1<.),ARFAI5,14),B0MAII5),BF 
2,BFINTI5I  ,CFAGEI5,15I  ,CFBF(5,I4)  ,crMcFI5)  ,CO'<Cu(  5  |  ,  C  JC  Y  I  5 
3)  .;UMAI  15  1  .DBHTHIS.l'.  ),[lELAY(5),['FNnM5,l<.).DL£V(5),FN-1JI 
'.FNCJI5)  ,&Rnhfll5,2,l'.|  ,GR3hCI5,2.1'.).GVLPF(5),GVl:uI5),INV 
5.SSII5),0PB0I5),0PCU(5),PAIB0I5),PAICJ(5) .POOR  I  5) .REGMI 5. 
6RI'JTI5),SARSP(5I,SPF(5I,SHFLTIS,2,1'.).ShwDI5.2.1'i).SMCI5) 
7SUBBFI5,l»).SUBCF(5,l'.I.SU>«CFl5l,SYSTI5).THI^^I5),VLLVI5,l 
RHGNJMI5) ■HGPOE5t5.20) ■WGPNMI5,3),SPNUM|5),TPBI5,7),P«SP15 

CIMMON  ACRAR(7I,AI<BK(7),PA^SI(7,1'.),BFTH|7,27),C»TH(7,27) 
l7),;uTB(7,2r),HELP(7,27),NSBKI7l,0'>EN(7,27|,PB'Sll7,14),P 
2).P3CFo(7,27l,PSPLT(7,27l,PUNC(7,27),SA^fiTY(7.35).SLVGI7, 
37,27I,THTY(7I ,UNCMLI7,?7) ,PABRI7),PARTY17,35) 

C3MMilN  ACFNL15,7,15),  ACRGNI5,7,l^.  ),»CSI  I  5  ,  7 ,  1 4  I ,  ACSP  I  5 .  7 ) 
1  ,15)  ,GRMC(5,7,15I  ,PSI5,7,1«I,STYPI  35),TYONMI  35,5I,PASH5. 

COMMON  /BLKB/  PAFNI5,7,15) ,PARG(5,7,15), 
IPBF 717,271 ,PCMTI7,27) ,PCT Al 7 , 27 ) , PCIP I  7, 27  I , PGBOI 5,7, 15), 
215) , PHLP I  7,27) ,POPN|7,27),PPBFI5,7,15),PPCRI7,2  7),PPFNI7, 
3PPMC(5,7,151 ,PPTCI5,7,151,PSLVI7,?7I,PTRFI5,7,15),PT:uI5, 
*PfM:i5.7,l51 


,r>FvjL, 

,FBA121 , 
,1ITS0, 
I  ,Rt ST, 
TI"r ,TMeR 

) ,ALnwCI5 
AGEI5, 15) 
),:uINTI5 
5), 

LIS,?,!",) 
3, I'll, 
,5"SPI5) , 
,14)  , 
,7) 

,CUT417,2 
OCF'sl  7,27 
27) ,SPLT 

,GRP0(5,7 
7,14) 


PCMC 15,7, 
27)  , 
7,15), 


1)1  "ENS  I  0-1  PFHLK17),BFSP|5,7l,BFTPI7,27),CFMERI7),rFTin,27), 
1CMSP|5,7)  ,r.MTP(  7,77)  ,TCFI7),TCSPI5,7),STCI5) 

INITIALISE  VA^IARL^S  FIRST  DEFINED  IN  THIS  SUBROUTINE. 

SROF  =  O.J 

SCFM  =  0.0 

SSPT  =  O.C 

STCF  =  0.3 

SUNC  =  0.0 

DO  1  I=l,NWuP 

STCI I  I  =  0.0 

t/O  1  J-1,NBK 

PFSPl I ,J1  =  O.C 

CMSPII.J)  =  1.'^ 

TCSPII , J)  =  o.n 
I  CONTINUE 

00  <>    I'l.NBK 

HFSLKII)  =  0.0 

CFMJRI  I  )  -  CO 

TCFI I  I  =  0.3 

DO  4  J =1,2 7 

PFTBI I , Jl  =  0.0 

CFIBI I , J)  =  0.0 

CMTRI I ,JI  =  0.3 
4  CONTINUE 

COMPUTE  TOTAL  VOLUMES  PY  WORKING  GROjP,  BLOCK,  AND  AGE  CLASS. 


DO  50 
DO  50 
K  =  1 
IFIPS 
TEM  = 
00  10 
PG33I 

PG":  I 

PPKF  I 

ppt:  ( 


PPM 


10  CONTl 

15  K  =  K 

IFIPSi 

TFM  = 
UU  20 
PGbOl 
PGMCI 
PP8F  I 
PPTCI 


1  =  1 
J=i 

•  I 
PLTI 

PAR 
MNK 

I  ,J 

I  ,J 

I  ,  J 

I  ,J 

I  ,  J, 

NUE 

•  I 
PLTI 

PAR 

MNK 

1,1, 

I  >J, 

I  ,  J, 


.NWGP 

,NBK 

I  -  1)  •  ' 

J,K)  .FO.  0.1] 

TY(  j,Kl  /  PSPL 

=  1,3 


MNK) 
MNK) 
MNK) 
MNK) 
MNK) 


PGROI  I, 

PGMCI  I, 

PPPFI  I  , 

PPTCI  I  . 
PPMCI I, 


GO  TO  15 
Tl J,K) 

J, MNK I 
J, MNK) 
J , MNK  ) 
J, MNK) 
J, MNK  ) 


TFM 

TFM 
TEM 
TFM 
lEM 


J,KI  .EC.  0.0) 
TYIJ.K)  /  PSPL 
=  4,5 


;n  n  25 

Tl J,K) 


PPM 


20  CONTI 

75  K  = 
IFIPS 
TFM  = 
DO  30 
PGBOI 
pom;  I 
PPflF  I 

ppt;  I 
ppm;  I 
30  CONTl 
35  K  =  K 
IFIPS 
TFM  = 

no  40 

PGBDI 
PGm;  I 
PPRF  I 

ppi:  I 
ppm:  I 

40  CONTl 
45  K  =  K 
IFIPS 
TEM  = 
PG30I 
PGMCI 
PPilF  I 

ppt;  I 


.11 , J, 


MNK) 
MNK  ) 
MNK) 
MNK  ) 
MNK) 


PGKOI I, 
PGMC I  I  I 
PPBFI  I  , 
PPTCI  I, 
PPMCI  Ii 


J, MNK) 
J, MNK) 
J, MNK) 
J, MNK) 
J, MNK) 


IFM 
IFm 
TFM 


ppm;i 

50  CONTl 
00  55 
m  55 
00  55 

r.KROi 
cm;  I 

PIBF  I 

pt;ui 

ptm;i 

55  CONTl 


NUE 

•  1 
PLT  I 

PAR 
MNK 

I  ,J 

I  ,J 

I  ,J 

I  ,J 

I  ,  J 

NUF 

♦  1 
PLTI 

Par 

MNK 
I  ,0 

I  .J 
I ,  J 
I ,  J 
I  .J, 

NUE 

»  1 
PLTI 
PAR 
I  ,  J, 
I  .J, 
I  ,  J, 
I  ,  J, 
I  ,J, 
NUE 
1  =  1 
J=l 
K  =  l 
I  ,  J, 
I  ,J, 
I  ,  J, 
I, J, 
I  ,J, 
NUE 


J,K)  .EO.  0.0) 
TYIJ.K)  /  PSPL 
=  6,10 


MNK) 
MNK) 


MNK) 
MNK) 


PGRDI I .J 
PGMCI I, J 
PPPF II,. 
PPTCI I.. 
PPMCI  I  .J 


GO  TO 
Tl J,K) 

J, MNK  ) 
,MNK) 
I  MNK  ) 
.MNK) 
,MNK) 


J,K)  .FO.  3.01 
TYIJ.K)  /  PSPL 
=11,14 


GO  TO  45 
T I J.K  ) 


MNK  ) 
MNK) 


MNK) 
MNK) 


PGPDI I ,. 
P5"C1 I t. 
PPBFI  I, J 
PPTCI I, J 
PP"CI I ,. 


.MNK) 
,  MNK) 


TEM 
TEC 


TEM 
TFM 


J,K)  .EO.  0.0) 
TYIJ.K)  /  PSPl 
15)  =  PGBDI I ,J 
151  =  PGMCI 1 ,J 
15)  =  PPBF I  I  ,  J 
PPTC I  I  ,  J 
ppm; I  I  , J 


15) 
15) 


jO  to  50 
II  J, K) 

,15)  •  TFM 

,15)  •  TEM 

,15)  •  TCM 

,15)  e  I'M 

,15)  •  TE' 


,NwGP 
,  NBK 
,15 


GRRDI I , J.K 
GR-CI  I,  J,il 
PTPF 1  I , J,K 
PTCUII, J,« 
PTMCI I , J,« 


PGBDI I 
PGMCI I 
PPBF I  I 
PPTrl  I 
PPMCI  1 


C  CnMPUT=  TOTAL  VQLUmFS  BY  BLOCK  AND  IIP'". 
C 


00  90  I=l.NwGP 

on  90  J=l,NBK 

K  =  1  *  II  -  1)  •  5 

OU  70  MNK=1,3 

Bf  TB1J,K)  =  BFTBI J 

Kl 

♦ 

piaFi I 

J 

MNK) 

CFT8I J,K)  =  CFTBI J 

K) 

* 

p  T  r  u  ( I 

J 

MNK  ) 

70  CMIBIJ.K)  =  CMIRIJ 

Kl 

• 

PIMCI I 

J 

MNK  ) 

K  =  K  ♦  I 

DO  75  MNK=4,5 

BFI8( J,K)  =  BFTBI  J 

Kl 

* 

PTBFI I 

J 

MNK) 

CFTBI J, K)  =  CFIBI J 

K) 

« 

PI  GUI  I 

J 

MN<1 

75  CMI81J,K)  =  CHIBIJ 

Kl 

+ 

PTMCII 

J 

MNK) 

K  =  K  «  1 

m  eo  MNK=<>,io 

RFTB(J,K1  =  RFleiJ 

K) 

* 

PTBFI  1 

MNK  1 

CFTBIJ.KI  =  CFTRIJ 

K) 

* 

PT'.UI  I 

J 

MNK) 

36 


80  C'<TB(  J.KI  =  CMTS(  J, 
K  »  K  ♦  1 


DO  8i  MNK^ll,!". 

RFTSIJ.KI  =  RFTelJ.K} 
CFTe( J,K] 
CMTB( J.KI 


CFTBI J.K) 

8S  CHTBIJ.Kl 
K  =  K  ♦  1 

!<FTB(  J.K)  =  RFTf>(  J.K  I 
CFTB(  J.KI  =  CFTPI  J.KI 
Cf"TB(  J.K)   =  CHTB(  J.K) 

93  CONTINUE 


PIXCI I . J.WMKI 


PTBF I  I . J.MNK) 
PTCU( I .J.MNK) 
PT>'CI  I  .J.MNK  I 

PTriF(  I,  J,  I'^l 
prcui  I  ,  J,  IM 

PT^r.  I  1  .J,  IS) 


C  COMPUTE  TDT4L  VOLUMpS  BY  H-lUKINf.  0')njP  A'JO  4uF  CUSS- 


no  ?5  I=1.NHGP 

nn  ■)•)  1  =  1, NBK 

00  55  K=1.15 
4BFA&( 1 .K)  =  4BP»G( I .K I 
95  AMCSOd.K)  =  J>'a4'',(  I  ,K) 


Pn',F(  1  .  J.K  ) 
PT  ".CI  I.  J.K) 


C  CONVERT  WORK  TOTlLS  TO  APfAS  AND  VJCJHFS 
C 

DQ  lOD  1=1. NHK 

00  100  J=1.27 

IF  (PSPLTi  I  ,  J)  .eo.  D.O)  r.n  to  lo: 

TE«  =  PARTVII.J)  /  PSPITII.J] 

PBFTII .J)  =  PHFTI 1 ,J)  •  TF" 

PCITI I ,JI  =  PCMTI I .Jl  •  TF" 

PCTAI I . Jl  =  PCTAI I . Jl  ♦  TCX 

PCT61I , Jl  =  PCTRI I . Jl  •  TFf 

PHlPI I.J)  •  TFW 

POPNl I . Jl  •  IF" 

PPFN( I . Jl  •  IE" 

PPCSIl  ,  Jl   <•  IF" 

PSIV( I.J)  »  rF« 

PUNCI I . Jl  «  IE" 


HL3CK  ANO  TYP 


PHLPI I , Jl 
POPMI I . Jl 
PPFNI I . Jl 
PP:R ( I , J) 
PSLl/ll  ,JI 
PUNCI I ,J) 
100  CONTINUE 


CMTHI I.J) 
CUTKI  , 
CUTBII  , 


PBFTI  1, J ) 
PCxT I  I  , Jl 
PCTAI I . Jl 
P  C  r  ".  M  ,  J  I 
PHLPI  I  ,  J  I 
POPNl I . Jl 
«  P  P  F  N  I  I  .  J  ) 
♦  PPCRI  I, J  I 
PSLVI  I. J  I 
»  PUMCl I.J) 


C  COMPUTE  TOTAL  VOLUMES  OF  BLOCKS  AND 
C 

DO  105  1=1. N6K 

no  105  J=l.27 

BFTHII.JI     =     SFTHII.JI     • 
=    CTHI  I  ,jl     . 
=    CUTAI I . Jl     ♦ 
CUTBII.Jl     • 

HELP  I  I  , Jl  =  Hf LPI  I  .  Jl  ♦ 

OPcNI I . Jl  =  OP- Nl I  .J  I  • 

PDCFnII.J)  =  PPCFMII.J) 

POCFRII.JI  =  PDCF8II.JI 

SLV3II.JI  =  SLVf.lI.JI  ♦ 

UNCMLI I . Jl  =  UnCmli T , II 
105  CONTINUE 

DO  IID  1=1. NBK 

00  113  J=1.27 

BFBLKI  I  I  =  BFBLKI  I  I  »  BFTBI  I  ■ Jl 

CFMERI I  I  =  CFfERI II  «  CMIBI  1. Jl 

SSPT  =  SSPT  »  SPLT I  1  . Jl 

sum:  =  SUNC  »  JNC"I  I  1  .Jl 
lie  TCFI I  I  =  TCF 11  I  •  CFTBI  I. Jl 

00  120  1=1, NBK 

SBOF  =  SaOF  •  PFPLKI I  I 

SCFM  =  SCFH  »  CFMERI I  1 
12  J  STCF  =  STCF  »  TCFI  I  I 
C 

C  COMPUTE  BLOCK  VOLUMES  BY  WORKIN",  G'DJP. 
C 

M  =  1 

N  =  5 

00  130  I=1.NU'-,P 

00  125  J=1.N6K 

00  125  K=M.N 

HFSPI I ,J1  =  BFSPI I.J) 


OOKINC    CMCLE. 


CMSPI I . Jl 
TCSPII .Jl 


BFTHI J.K I 
CMTBI J.K 1 
CFTBI J.K I 


CMSPI I , J) 

125  TCSPII .J) 

H  =  «  *  5 

N  =  H  ♦  5 

130  CONTINUE 


C  COMPUTE  VOLUMES  BY  WORKING  GROJP. 
C 

DO  1 35  I =1 .NWGP 

DO  135  J=1.NBK 

SBF  I  I  )  =  SBF  II)  t     t'FSPI  I.J) 

SMC  II)  =  SMC  II)   <■  CMSPI  I  .  Jl 
135  STCI  II  =  STCI  I  I  »  TXSPI  I  ,  Jl 

IFITMBR  .SO.  0.01  GO  TO  21^ 
C 

C    COMPUTE     AREAS    BY    COMBINATIONS     OF    flORKING    GROUP 
C 

DO  185  I=1,NWGP 

DO  130  J=1,NBK 

DO  ISO  K=l,15 

IF1TPBII,JI  .EO.  0.0)  03  TO  180 

PAFMII.J.K)  =  PASPII.J)  •  PAFNII.J.K) 
.K)  =  PASPII.J)  *  PARGII.J.K) 


BLOCK.  AMD  AGE. 


PARGd  , 

180  CONTINUE 

1B5  CONTINUE 

DO  190  I=1.NWGP 
DO  190  J=1.NBK 
DO  190  K=l,15 


TPBI 1 . J ) 
IPBI I, J ) 


ACFNL I  I .J.K  ) 
190  ACRGNI I .J.KI 


=  aCFNLI  I, 
=  ACRGill  I 


J.K) 


PAFNI I . 
P  A  0  G  I  I  . 


C  COMPUTE  PERIODIC  ANNUAL  INCREMENT. 
C 

DO  20C  I=1.NWGP 

00  200  J=1,NBK 

DO  200  K=1.15 


PAIBOII)  =  GRBDII.J.KI  .  PAIBDIII 
PAICUIII  =  GRMCII.J.K)  »  PAICUII) 
CONTINUE 
no  2i/5  I  =  1.NHGP 
IFITImE  .FO.  O.C)  go  to  205 
PAIBDI 1  I  =  PAIBDI I )  /  TIME 
PAICUII)  /  TIME 


PA  I  Cut  I  I 
205  CONTINUE 


PRINT  PAGE  TYPr  n 


k'ORKING  GROUP  AMD  BLOCK  VOLUMES. 


210  HRITb  16,2501 

250  FORMAT  llHl,//,50X,12HPAiE  TYPf   HI 

WRITE  Id, 255) 
255  FORMAT  1 1  HO  , // , '■7X  ,  36HV0LUMES  OF  BLOCKS  ANO  WORKING  'loCLE) 

WRITE  16,260)  IFORETII).  1=1.19) 
260  FORMAT  IIH  .29K.  lflA<..  A2I 

WRITE  16.2651 
265  FORMAT  llH0,//,231<,6HTOTALS,<iX,  IIHBLLCK  MO.   1  ,  ".X  ,  1  IHBL  OCK  NO.  2. 
HX.llHBLOCK  NO.  3,4K,  IIHHLOCK  MO.  <. .  4X  ,  1  IHBLOCK  NO.  5  . «.  X  , 
211HBL0CK  NO.  6,«X, 1 IHBLOCK  NO.  71 

DO  300  1  =  1  .NWGP 

WRITE  16.2701  IWGPNMI  I.JI. J=1,3I 
ilO    FORMAT  IIHO,/  .1X.1A<H 

WRITE  16.275)  S TC I  I  I  .  I  T CS P I  I  . J  1 , J = 1 , NBK 1 
275  FORMAT  I1H0.13HT0TAL  CU  .  F  T  .  ,  8  I  «,«  .  F  1  1  .  1  1  I 

WRITE   I6.2B0I  SMCI  I  )  .  ICMSPl  1. J)  . J=1,NBK  ) 
280  FORMAT  1  1  HO  .  1  <.HHFR  CH  .  CJ.  F  T  .  .  8  I  3X  .  F  1  1  .  1  .  1  X  )  ) 

WRITE  I6,2R5)  SBF I  I ) ,  I  BE SP I  I , J  1 . J  =  1 . NBK I 
283  FORMAT  UHO.SHM  BD.  F  T  .  ,  1,  X  .  B  I  <.X  .  F  1  1  .  1  I  ) 

IF  I  1  .FO.  <•)    GO  TO  290 

GO  TO  30C 
290  WRITE  16,295) 

295  FORMAT  I IHl ,//,56X, 19HPA3E  TYPE  13,  CDNT.//) 
300  CONTINUE 

WRITE  16.305) 
305  FORMAT  IIH  . / / . 2 X , 1 2HTaTAL  VOLUME ,/, 3X, flHOF  BLOCK) 

WRITE  16,3101  STCF, ITCFII I, I=1,NBK) 
313  FORMAT  I  1H0.13HT0TAL  CU.  FT  .  .  8  I  ".X  .  F  1  I  .  1  )  I 

WRITE   16.3151  SCFM.ICFMERI I ). I=1.MBK) 
315  FORMAT  I  IHO.  I'.HMFRCH.  CU.  F  T  .  .  8  I  3X  .  F  1 1  .  1  ,  1  X  )  ) 

»<R|Te  16.320)  SBOF  ,  IBFPLKI  I  1  ,  I  =  l.Ne.K) 
320  FORMAT  I1H0.9HM  BD.  F  T  .  .  <>X  .  8  I  •iX  ,  F  1  1  .  1  1  ) 

WRITE  16,325) 
325  FORMATI  IHO,  lOX.'.THCUBIC  FEET  IN  HUNDREDS,  BOARD  FEFT  IN  THOUSANDS) 
C 

C  PRINT  PAGE  TYPF  u  -  TYPE  AREAS  ANO  /HLUMES. 
C 

WRITE  16,3501 
35:  FORMAT  llHl.//.6ax.l2HPAGE  TYPF  1  <,  ) 

WRITE  16,355) 
355  FORMAT  I  IH0,/.39X.52IIT0TAL  AREAS  AND  VOLUMES  OF  BLOCKS  AMD  HORKIMG 

I  CIRCLE) 

WRITF   16,260)   IFHRFTIll,   1=1,19) 

KOUNT  =  1 

00  395  1=1. NBK 

IFISHBKII)  .EO.  0.01  GO  TO  395 

IF IKOUNT  .FO.  II  GOTO  365 

WRITE  16,3601 
360  FORMAT  1 1 H 1 , // , 56X , 1 9HP AGE  TYPE  14,  CONT.//I 
365  WRITE  16,3701 

370  FORMAT  I  1  HO  ,  5HBL0C  K  ,  7  X  ,  <.HT  YP  E  ,  1  2  X  ,  6HT0T  AL  ,  1  2X  ,  5HT0TAL  ,  1  2  X  .  6HMERCN  . 
l,13X,lHM,13X,5HACReS, 1IX,6HNUMBER 1 

WRITE  16,3751 
375  FORMAT  IIH  ,1X.3HN0.  .9X.3HNn.,12X,  5HACRES,  IIX,  7h:U.  FT.,UX,7h:u. 
IFT. ,9X,7HDn.  FT..9X.BHL0W  S I T E . 7x . 1 OHOF  RECORDS. //I 

KOUNT  =  0 

00  390  J=1.27 

WRITE   16,3801   I,J,SARETYI  I,J1,CFIPI  I.Jl.CMTBI  I.J),i'FTRI  I.JI.UMCMLI 

II  ,JI ,SPLT I  I , J) 

3B0  FORMAT  IIH  , IX, 12, 10X,I2,9X,5|F11. 1.6X) ,F6.0) 

IFIJ  .LT.  27)  GO  TO  390 

WRITE  16.385) 
385  FORMAT  IIHO) 
390  CONTINUE 
395  CONTINUE 

WRITE  15. ".00)  TMPO. STCF, SCFM. SBOF, SJNC. SSPT 
<,00  FORMAT  I  lH0.6HTnTALS.  18X,  51  Fl  1.  1.6X1  ,F6.0I 

WRITE  16.3251 

RETURN 

ENO 


Subroutine  SUMRY 


SUBROUTINE     SUMRY 
TO    COMPUTE    DIFFERFNCfS 


Bi-TwFFN    PRESENT    VOLUMES    AND    STOCKING    GOALS. 


COMMCN    AD0,AGEI2l,4GEn,BAI2l,BASI 2  I , BASO, BAST, BAUS.BFMRCH ,BFVOL ■ 
lCFV0L,nATEl6l  ,DBHI2I  ,  OBHF  ,  nBHO,  DBHT,  OEN  I  2  )  ,  DCNO,  DENT,nMUS  ,FI)A  12  I  , 
2FCTRI21,F0"|2),F0NI?),FHI I  2 ) , FORE T I  1 9 ) , F VL I  2 ) ,HT I  2  I ,HTCUM ,HTSO. 
3HTST.KAK.KNO.M|N.HNK.NCK.NCHP,NSUB.NWGP,PDBHE,PRET,PR0ll|2l,REST, 
'•SAVC,SBAKB,SBARE.SBSRG.SBAS.SlTE,SLAN0,TBM2),TDM|2I.TrK.TlMF,TMI'F 
5.TMPu,T0TI2).T0TU.TOTT>TVLI21.vnM|2l,VLUS,OMRI2l 

COMMON     APFa&|5,15I.ACINTI5l,A0JI5l,AGeTHI5,14l,ALLCFI5,l<.l  ,AL0WCI5 
1  )  ,AlWBF  lil  ,AMC4G15,15  1,ANCUTI5,1<.I  ,  AR  E  A  I  5  ,  U  1  .  BDMA  I  I  5  1  .  BF  AGE  I  5,  1  5  I 
2,BFINT|5|,CfAGE|5,]51,CFBFI5.  l'.).COMnFI5).CnMCUI5)  .CUCYI5).CUINT15 
3)  .CUMAl  15  )  ,DBHTH|5,1'.  >.DELAYI5I,UEMTH|  5.  14),0LEVI5)  ,FNRUI5I, 
'■FMCUI5)  ,GRnwB15.?.  14)  .GROwr  |5.2.14).GVLBF|5  1.0VLCUI51,  INVLI5.3.1<.) 
5,NSI|5).0PnDI5),0PCUI5),PAIRCI5).PAICUI5).POCRI5).BEGNI5,3,14), 
aRInTI5I,SafSP|5|,SBFI51,SHSLT|5,^,I<,1  ,SHwni5,2.  H  1  ,  S"C  I  5  I  ,  SMSPI  5  I  , 
7SUBBF  15.1<,l  .SUhCFI5,l'.),SUMCFI5l  ,  s  YS  T  I  5  ]  ,  TH  IN  I  5  I  ,  VLL  V  I  5  ,  3  ,  14  )  , 
AWGNU'I?) ,WGP0ESI5,20) ,WGPNM|5,3l,SPNUMI5),TPhl5,7),PASPI5,7l 

COMMCN  ACB'1«17I,ARBKI7I,BA8SII7,1<.I,BF''HI7.?7I,CMTHI7,271,CUTAI7,2 
l71,CUTHl7,271.HFLPI7.271,NSnKI7I.OPENI7,27I.PI'RSII7.14l,PDCFM7,27 
21  .PDCFRI7.27I  ,PSPLTI7,27).PUNCI7.27I.SAPfTYI7,35l . SL VG I  7 . 27  I . SPL T I 
37.27I.TI   IYI71  ,iJNCML|7,?7l,PiBR|7|,PAPTYI  7,  351 

COMMON  ACFNLI5,7,1^1.ACRGN|5.7,15  1,ACSII5,7,14  1,ACSPI5,7I,GRP0I5.7 
l,15),G?Mri5,7,151,PS;5,7,14l,STYPI35),TYPNM|35.5l,PASII5,7.14) 


3  7 


COMMON    /BLKC/    ANMC,4K\Bn,»N-jCU,f  tMHI5).r  INCI  5I,FNACI5I,RG«C(5). 
l«CBDIDl,RGCU(5),S«HP(SI,S4NClir(5l,S4TH(5I.SnFR(5l  ,  SRH(  5  I  ,  SHSV  (  51  , 
2SC«(5i7liSCe(5,71,SCM5l,SCN8(S.71,SCNT(2SI,3CI<l51,sr.«R('>,71, 
3SC«T125I  ,SCU(5.7I  ,SCU><(5I  ,SFNL  (  5  I  ,  SF«  (  5  I  ,  SHL  (  5,  7  I ,  SI  r>L«,  S  lOLb, 
4SI0lC,S0PI5.7l,SGPT4l5),sni>TU|5I.SOI>TC(  51.SSLl5,7),STBS(25l,STFO 
5125)  ,STHI>(25),STHR(25),STlVI25l,SINCI251,STr!M  251  .TMACISI  ,TH6D(5I  , 
6THCU(5l,TOT»CI51iTnTnc(51,tOTCU(5l .SEMIS. 7) 


COMMON    /8LKE/    RABDF  1  5  ) ,  RiflOIl  ■>  1 .  RSBDS  I  5  )  ,  RART  I  5  I 
l,R«CRt;i5I.R«TC(5).SR»P0,SR4CF 


DIMENSION    0FBFI5.15),CFMCI5,l5I.S0nFI5I.SCMCI5l 
INITIALISE    VARIABLfS    COMPUTED    RY    THIS    kOUTINE. 


,RACFM5)  ,RaCITI51 


00  1  1  = 
FINBII I 
FINCl  I  ) 
FNACI I  I 
RABOF I  I 
RABDI II 
RABDRI I 
RA6TI I  1 
RACFNI I 
RACITII 
RACRGI I 
RATCII I 
RGACII I 
RGBOd  I 
RGCUII ) 
SaHPI  I  I 
SANCUTI 
SAIHI I  I 
SBFRI I ) 
$8H(  I  I 
SBSVII I 
SCNII I 
SCRI I ) 
SCURI I  I 
SD6FII ) 
SDMC I  I  ' 
SFNLI I  I 
SFR(  1  ) 
SOpTil  ! 
S0PT8I  1 
SOPTCI I 
THACI  I  1 
TMBDd  I 
THCUd  I 
TQTACI I 
TOTBOI  I 
TOTCUII 
DO  1  J= 
SBMI  I,  J 
SCAI I ,J 
SCBII .J 
SCNBIl . 
SCRBI I. 
scud  .J 
SHLd  .  J 
SOPII .J 
SSL(  I  .J 

I  CONTINUI 
00  3  1  = 

3  TOTII) 
DO  5  1  = 
DO  5  J= 
0F8F( I 

5  OFMCI I 
OQ  10 
SCNTI I 
SCRTI I 
STBSI I 
STFOd 
STHPd 
STHRI  I 
STLVI I 
STNC  II 
10  STONd 
ANNAC  = 
ANNBO  = 
ANNCU  = 
SIOLA  = 
SIDLR  = 
SIDLC  = 
SRABD  = 
SRACF  = 
STHBF  = 
SThCM  = 


I .NHGR 

=  0.0 

=  0.0 

=    0.0 

I  =  0.0 

)  =0.3 

I  =  0.0 

=  0.0 

)  =  0.0 

I  =  0.0 

1  =  0.0 

=  0.0 

=  0.0 

=  0.0 

=  0.0 


=  0. 

1 1  = 


=  0.0 
=  CO 
=  0.0 

=  0.0 
=  0.0 
=  0.0 
=  CO 
=  0.0 
=  0.0 


)  = 


'   o.o 

=  0.0 

=  0.0 

=  0.0 

0.0 

0.0 

I  =  0.0 

l.NBK 

I  =  0.0 

)  =  0.0 

I  =  o.c 

Jl  =  0.0 
Jl  =  0.0 


0.0 
0.0 
0.0 
0.0 


1,2 

=  0.0 
1 ,NWGP 
lfl5 

J)  =  0.0 
Jl  =  0.0 
=  1,25 

=  0.0 

=  0.0 

=  0.0 

=  0.0 

=  CO 

=  0.0 

=  0.0 

=  0.0 

=  0.0 

0.0 

0.0 

0.0 

CO 

0.0 

0.0 

o.c 
o.c 
o.c 

o.c 


COMPUTE  DIFFERENCES  BETWEEN  ACTUAL  AND  OESIREC  GROWING  STOCKS. 

DO    15    l=l.NWGR 
DO    15    J=1.15 

nFBFd.JI     .    ABFACCI.JI    -    BFAGEII.J) 
15    OFMCd.JI    =    AMCAGII.J)    -    CFAGEU.Jl 


30    FORMAT    I 1H1,/,60X,11HPAGE    TYPE    31 

WRITE     16,32) 
32    FORMAT     I 1H0,3«X,59HCCMPARIS0N    OF    ACTUAL    CROHING    STOCK    WITH    GROWING 
1    STOCK    GOAL) 

WRITE     (6,3«)     (FORETI  I  I,  1  =  1,  l<i| 
3'.     FORMiT     1  IH     ,2'>X,18A4  ,  42  I 

WRITE     (6,36)     IHGPNM(KA,JI , J=l, 31 
35    FORMAT     I  1H0,53X,  IfcHWORKlriG    GROUP    -    ,3A<.,/I 

WRITE     15,39) 
38    rORMjT     IIH     ,39X,S2HTHCUSANr)S    OF    BOARP    FEtT     IN    TREES    OF    COMMERCIAL 
ISIZE.) 

WRITE     (5,401 
40    FORMAT     I IHO, 12X,3HAGE , IIX, 14HACTUAL    GROW) NG, lox , 13HGRnwING    STOCK, 1 
15X,5HV0LUMF,15X,<JHSTATUS    OF  I 

WRITE     (5,421 
42     FORMAT     (  IH     ,  11X,5HCL6SS,  14X,5HST0CK,  19X,4H&UAL  ,  IBX,  IClHDIFFFRtNCE  ,  1 
IIX,13HACIUAL     VOLUMF,/) 

00    70    1=1,15 

J    =    I     •    1') 

If {DFRFIKA,I )  .LT.  0.01  CO  TO  50 

IFIDFBF(KA,I )  .EQ.  0.0)  GO  TO  50 

WRITE  (5,451  J.ABFAGIKA, I ),BFAGEIKA, I ),OFBr(KA, I ) 
45  FORMAT  llH  ,12X, 13, llX,F14.1,9X,F14.l,qx,F14. 1, 14X,7HSURPLUS) 

GO  TO  70 
5C  WRITE  (6,55)  J , ABFAG ( KA, I ) , BF AGE  I K A, I ) , Df flF( KA, I ] 
55  FORMAT  (IH  ,12X,  I3,11X,F14.1,<)X,H4.1,<)X,F14.1,  14X,7HI)EF1C1TI 

GO  TC  7C 
50  WRITS  (5,65)  J,ABFAG(KA, I ),BFAGE(KA, I ),OFBF(KA, I ) 
6S  FORMAT  IIH  ,12X,  I3,llX,F14.1,<)X,F14.1,9X,F14.1,14X,7HCI)RatCT) 
70  CONTINUE 

WRITE  (5,75)  S»F(Ki) ,GVLBF(KA),SOPF(KAI 
75  FORMAT  ( IHO, 11X,5HT0TAL, lOX, F14. 1,9X,F14.1,9X,F 14. l,/l 

WRITE  (5,»C) 
95  FORMuT  dH0,31X,67HHUNDREDS  CF  MEOCH.  CUBIC  FEET  IN  TBFES  6.:  INCH 
lES  D.B.H.  AND  LARGER,/ ) 

WRITE  15,40) 

WRITE  (5,42) 

00  95  1=1,15 

J  =  1  •  Ij 

lF(Of"C(KA, I )  .LT.  0.01  GO  TO    R5 

1F(0FMC(KA,I  )  .EC.  O.C)  -:,0  TC  90 

WRITE  (6,45)  J,AMCAG( KA, I ] ,CF4GE(KA, I ) ,OFMC(KA, I ) 

GO  TC  95 
85  WRITE  16,551  J , AmC AG( K A,  I  I , CFAGE ( K A, 1  ) , OFMC I Kj , I  I 

CO  TO  95 
90  WRITE   (6,65)   J,AMC4G(KS, I ) ,CFAGE(KA, I l,DFMC(KA, I ) 
95  CONTINUE 

WRITE  16,751  SMCIKAI, SUMCF|KA),SUMC(KA) 
ICO  CONTINUE 
C 
C  SUMMARUe  volumes  EXPECTED  DURING  NEXT  P'RlOn  By  BLOCK  A«|0  TYPE. 


N 


BFTHI I, J) 
CUT  A  I  I, J  I 
CUTR( I, J) 
♦  pnCFNI I , J  I 
»  POCFRI I, Jl 
CMTH(  I,  Jl 
HELP( I, J) 
OPFNI I , J) 
SLVGI I, J) 


00  115  K 

DC  110  I 

DO  110  J 

SBM(K,I ) 

SCA(K,I ) 

SCBIK, I ) 

SCNBIK, I 

SCRBIK.I 

SCUIK.I I 

SHLIK, I ) 

SOP(K,l ) 

SSl(K.I) 
IIJ    CONTINUE 

M 

N 
115  CONTINUE 

DO  120  I: 

DO  120  J^ 

SCNT(J)  • 

SCRT(J)  ■■ 

STRS(J)  -- 

STFO(J)  = 

STHP(J)  ■■ 

STHRIJ)  = 

STLVIJI  : 

STNC(J)  = 

STON(J)  = 
120  CONTINUE 

00  125  1= 

00  125  J" 

SAHPd)  = 

SATHd)  = 

SBFRII)  = 

S8HIII  = 

SBSVII)  = 

SCNd)  = 

SCR (II  = 

SCUR(I)  = 

SFRdI  = 
125  CONTINUE 

SUM  THE  ANNUAL  CUTS  BASED  ON  OPTIMUM  AREA  REGULATION  BY  WORKING  GROUP 
AND  WORKING  CIRCLE. 


=1 ,NWGP 

=1,N0k 

=  M,N 
=  SBMIK, I 
=  SCA(K,I 
=  SCBIK, 1 

)  =  SCNB(» 

)  =  SCRBIt 
=  SCU(K,I 
=  SHLIK, I 
=  SOP(K,l 
=  SSL(K,| 

5 
5 

1,NBK 

1,25 
SCNTI J) 
SCRT( Jl 
STBSI Jl 
STFn( Jl 
STHPI Jl 
STHRIJ) 
STLVI J) 
STNC( J) 
STCN( J) 

1 ,NWGP 

1  ,NBK 
SAHP( I ) 
SATH(  I  ) 
SBFRI I ) 

SBHII)  « 
SBSVII  ) 

SCNd)  . 

SCRI I  1  • 
SCURI I  I 

SFR( I  I  . 


PCCFM  1,  J) 
PCCFBI I, J  I 
PFTH( I , J  I 
CUTB( I , J) 
HELPI  I , J  I 
CUTAI I, Jl 
SLVGI I , Jl 
CMTHI I , J) 
I^PENI  I,  J) 


«  St-LI  I,  J  I 
»  SCPI I , J ) 
«  SBMI I, J) 
SCAI I, J) 

♦  SSlI I.J) 
SCNBI I, J) 
SCOPI I, J) 

•  SCUI I , Jl 
SCBI I, J) 


C  COMPUTE  TOTAL  DIFFERENCES  BETWEEN  ACTUAL  AND  DESIRED  STqCkS. 
C 

DO  20  l=l,NWGP 

DO  20  J=1,15 

SDBFII)  =  SOBFII)  ♦  DFPFir.J) 
20  SDMCIl)  =  SDMCII)  »  OFMCI I, J) 


PRINT  PAGE  TYPE  3  -  ACTUAL  AND  DESIRED  CRUWINC  STOCKS  AND  DIFFERENCES. 

00  100  KA=<,NMGP 
WRITE  15,30) 


DO  130  I=1,NWGP 

DO  130  J=l,14 
13D  SANCUTd)  =  SANCUTII)  *  ANCUT(I,J) 

DO  135  I=1,NWGP 

SFNLI I  )  =  SANCUTI I  I 

IFISYSTII)  .EC.  0.0)  SFNLII)  =  0.0 

K  =  PCORI I)  •  0.1  ♦  0.5 

IFIREGM  I  ,3,K )  .GT.  0.0)  SANCUTII)  =  SANCUTII)  •  2.0 
135  CONTINUE 

on  140  I=l.NWGP 

SCPIAII)  =  SANCUTII)  ♦  SFNLII)  ♦  ACINT(I) 


3  8 


FINCd) 

= 

SCN( 1)  »  TEK 

FNACI I ) 

= 

FNACI 1 )  •  TEM 

RGACl I ) 

= 

PGACI 1 )  «  TFW 

■(GRnil  ) 

= 

SBHIl 1  •  Tr^ 

RGCUd  1 

= 

SCR  C  I  )  »  TEf 

TH4CI I ) 

= 

(SATHI  II  +  SAHPI  III*  TE". 

THRD( I  1 

= 

SBFR( II  •  TF" 

THCUI I  1 

= 

SCURdI  •  TEH 

55  CCNTINUE 

no  loO  1 

=  ] 

l.NWGP 

TnT4CI I ) 

=  RGACl  I  1  ♦  FNACI  I  1  •  THAC{  I  1 

TOTCUI I  I 

=  RGCUC II  ♦  FINCI 1 1  •  THCUI 1 1 

TOTBCI  I  ) 

=  RGUnl 1 1  ♦  FINHI  1  1  »  THRDI  I  1 

ANNAC  = 

ANNAC  +  TOTACII) 

ANNCU  = 

ANNCu  •  rnTcui  1 1 

bO  ANNhO  = 

Af 

,rjBC  ♦  TOTBP  1  I  1 

OMPUTE  ANNUAL  GUI  BY  HEYFK  FORMULA  USING 

SOPTBdl  =  OPSD(I)  »  FNBOIIl  ♦  RFINTIII  CCfHCN  /BLKC/  AN';AC  .  ANNBO.  ANNCU  ,  F  INB  I  5  1  ,  F  INC  I  5  I  ,  FNAC  I  5  I  iRGAC  I  5  I  , 

SOPTCII)  =  OPCU(I)  »  FNCUdl  +  CUINTIIl  IRGBDl  5  1  ,  RGCUI  5  1 ,  SAHP  (  5  I ,  S4NCUT  1  5  I  ,  SATHI  5  I  ,  SBFR  (  5  I  ,  SBH  (  5  I  ,  SBSV  I  5  I  . 

IFIWGPNfd  ,11  .EQ.  <.HDEFEI  GC  TO  1<.0  2SCA  I  5  ,  7|  ,  SCB  I  5  .  7  I  ,  SCN  I  5  I  ,  5CNB  I  S,  7  I  ,  SCNT  I  25  I  ,  SCRI  "i  I  ,  SCRB  I  5,  7  I  , 

SIOLA  =  SIDLA  ♦  SOPTAIII  3 SC» T I  2s  I , SCU I  5 , 7 1 , SCU" I  5  I , S FNL I  5  I , SFR I  5 ) , SHL  I  5, 7  I , S I OL A , S I CLB  , 

SIOLB  =  SIOLb  ♦  SOPTCII)  ^S  1  DLC  ,  SCP  I  5  ,  7  1  ,  SOPT  Al  5  I  .  bOPTBI  5  I  ,  SOP  TC  I  5  I  ,  SSL  I  5,  71  ,  STBS  12  5  I  ,  STFtl 

SIDLC  =  SIOLC  •  SOPTCdl  5  I  25  I  ,  STHP  1  25  I  ,  STHR  I  25  I ,  STL  VI  25  I  ,  STNC  (  25  I  ,  STONI  25  I  ,  IHAC  I  5  I  ,  THBOI  61  , 

140  CONTINUE  6THCUI5 I ,I0TACI5I .TPTBCISI tTOTCUl 5) ,SBMI5,7) 

C  C 

C  COMPUTE  POSSIBLE  ANNUAL  CUTS  DURING  NFXT  PERIOD  -  BASIS  WORK  INDEX.  CCWMCN  /IILKE/  P  AHPF  I  s  1  ,  R  4uD  I  1  5  I  ,  h  A60B  I  5  I  ,  R  AB  T  (  5  I  ,  R  AC  F  N  1  5  I  .  RAC  I  T  I  5  I 

C  l.RACRG(51,UATCI5),SRaB|),bRACF 

UO  150  I=l,hHGP  C 

DO  150  J=1,NBK  DIMENSICN  A|3I 

no  150  K=l,15  C 

RCAC(I)  =  RGACIII  ♦  ACRGNII.J.KI  DATA  A/3«IM  / 

15:  FNACm  =  FNACdl  ♦  ACFNLII.J.KI  C 

TEM  =  l.j  /  TIME  ruRS  =  SLAI.D  -  STYPn2l 

00  155  I=1,NWGP  WRITE  15,5051 

FINBIII  =  SFRIII  »  T=M  505  FORMAT  U H 1 , 59X , 1 1 HPA GE  TYPE  II 

WRITE  16,5101  IFCRFTIII,  1=1,101 
510  FORMAT  I  ih:  ,/ ,  10Y,?lt-GulnF  FOR  MANAGEMENT  ,18A'.,A2I 

WRITE  16,5151  I CATFI  I  I, 1  =  1,61 
515  FORMAT  1  1h:,5X,25HBA':  ED  UN  DATA  CURREfiT  TO  ,6A4I 

WRITE  16,5201  SLANn,CURS,STYPI  32  I  ,TMHP,S11ARE,5TYPM1  I  ,  STYPI2ai 
5Z0  FORMAT  llH0,31HTHE  WORKING  CIRCLE  CONSISTS  OF  ,F10.l>lflH  ACRES.  OF 
I  THESE,  ,F10.1,2')H  ACRES  ARE  OWNED  BY  U.S.  AND  ,F10.1,19H  ACRES  AR 
2E  INTERIGR/IH  ,'.5HTRaCTS  OF  OTH;R  OWNFRSHIP.  OUR  AREA  INCLUDES  ,F1 
30.1,17H  TIMBERrO  ACRES.  ,Fi3.1,lBH  PLANTABLF  ACRES,  ,H0.1,17H  ACR 
<.ES  MANAGED  AS/IH  ,11HRANG6,  AND  ,F10.1,10eH  ACRES  OF  HIGH  RECREATI 
5DN  Usr  WHERE  TIMBER  YIELDS  ARE  INCIDENTAL  AND  NOT  RtGULATEC.  SEE  P 
6AGE  TYPE  5,  6,  7,/lH  ,31HAND  I'l  FOR  AREA  CLASS  I  F  I C  A  T I  ON .  I 
WRIT'.  15,5301 
53j  FORMAT  HH0,70HTHF  TIMBER  RESOURCE  OF  THIS  WORKING  CIRCLE  WILL  BE 
1M4NAGEC  AS  FOLLOWS-   1 
rn  560  I=1,NWGP 

WRITE  16,5501  IWGPNMI I , Jl , J=l ,31 , I WGPDESI 1 ,K 1 ,K=1, 201 
.A.I.  FROM  YIELD  TABLES.         5^0  FORMAT  IIH  ,15X,3A'.,3H  -  ,20A'.I 
C  550  CONTINUE 

DO  210  I=1,NWGP  WRITE  16,5701 

IFIADJdl  .Ei.  0.01  GC  TO  170  570  FORMAT  I IHi , 5 8HRE GUL A T 1  ON  UF  THE  CUT  WILL  BE  BY  AREA  WITH  A  VOLUME 

ALWBFIII  =  6DMAI1II  »  ISUBFIIl  /  ACJIIII  1  CHECK. I 

ALOWCIII  =  CUMAIII!  ♦  ISOMCIII  /  ADJIIII  WRITE  16,5751 

GO  TO  700  575  FORMAT  I  IHO,  125HW I  TH  THE  DSCISlOfiS  AND  AREAS  ON  PAGES  TYPE  4  AND  1 

1V3  ALWBFdl  =  BDMAIIII  ♦  SDRFIII  11  iUD    WITH  BALANCFD  DISTRIBUTION  OF  AGE  CLASSES,  ALLOWABLE  ANNUAL 

ALOWClll  =  CUMAII!)  ♦  SDMCIIl  2CUT  WOULD/IH  ,KHOE  as  FULLOWS-I 

200  IFIALWBFllI  .LT.  0.01  ALWBFIII  =  0.0  WRITt  I6,5R0I 

IFIALOKCIII  .LT.  O.OI  ALOWCIII  =  0.0  5fl0  FORMAT  |  1  H  j  ,  6'.  X  ,  1  1  HHUNDR  E  DS  OF/lH  ,  42  X  .  5H  ACRE  S  ,  1  9X  ,  7HCU  .  FT.,17X,9 

21 3  CONTINUE  IHM  BD.  FT.  I 

no  220  I=1,NWGP  WRITE  lo,59Gl 

IFIWuP'lMl  I  ,  1  1   .EC.  4HCEFEI  GO  To  220  ^10  FORMAT  I  IHC  ,  1  IX  ,  1  THRECENEP  AT  ION  CUTS, /I 

TOTllI  =  ALWBFIII  •  TCTIll  f)0  605  I-1,NWGP 

220  T0TI2I  =  ALOWCIII  *    TrTI21  K  =  PCCRIII  *  0.1  t  ^.5 

C  IFIREGM  1  ,3,K1  .GT.  i.'l  SANCUTIII  =  SANCUTIll  »  2.0 

C  COMPUTE  AREA  RFGuLAtION  VOLUMES  FQR  THIRD  TABLE,  PAGE  TYP;  1.  WRITt  16,6001  I wGPNM I  I , J  1 , J = 1 , 3  I , SANCUT I  I  1 , OPCU I  I  I . OPBD d  I 

C  CHINGE  MULTIPLIER  OF  RACIT  ANP  RJBDI  IF  GOAL  OF  ONE  PR ECOMME RC I AL  bjn  FORMAT  IIH  , I 5X , 3 A4 , 1  I  X , F 1 1 . 1 , 1 4X , F 1 1 . 1 . 14 X , F  1  1 .  1  1 

C  THINNING  IS  NCT  APPLICABLE.  6;5  CONTINUE 

C  WRITE  16,6101 

00  230  I=1,NWGP  blO  FORMAT  I IH J , 1 1 X , 18HF I NAL  R'MOVAL  CUTS, /I 

IFlRGAClll  .l6.  0.01  GC  TO  226  DO  515  I=1,NWGP 

RACRGllI  =  IRGCUdI  /  RGACIIII  *  SANCUTIll  WRITE   16,6001   I  WGPNM  (  I  ,  J  |  ,  J  =  l  ,  3  I  ,  S  FNL  I  I  I  ,  FNCUl  1  I  ,  FNBni  I  I 

RABDRIIl  =  IRGBDIII  /  RGACIII)  •  SANCUTIII  615  CONTINUE 

225  IFIFNACd)  .LE.  0.01  GO  TO  228  WRITE  16,6201 

RACFNIII  =  (FINClII  /  FNACIIll  *  SFNLIII  620  FORMAT  I IHO , I  1 x , 1 7H IN TrpMFD I  J T r  CUTS, /I 

RABOFIII  =  IFINBII)  /  FNACIIll  »     SFNLIII  DO  625  I=1,NWGP 

223  IFISATHIll  .LE.  0.01  GO  TO  230  WRITE  I6,60jl  I WGPNM I  I  ,  J  I  , J= 1 , 3 1 , AC  INT  I  I  I  ,Cu INT  I  I  1 , BF I  NT |  I  I 

K  =  POORIII  •  0.1  ♦  0.5  525  CONTINUE 

IFIOEGNd  ,3,KI  .GT.  ".31  SANCUTIII  =  SFNLIII  WRITE  16,6301 

RACITIII  =  ITHCUIII  /  ISATHIII  »  TtMIl  »  lACINTlll  -  SANCUTdll         630  FORMAT  I IHO , 1  I  X , 1 BHTC T AL  FOR  ONE  YEAR,/| 
RABDIIll  =  ITHBDIII  /  ISATHIII  •  TFM|1  e  lACINTlll  -  SANCUTIIll  yg  £,35  I  =  1,NWGP 

230  CONTINUE  WRITt  16,6001  I WGPNM I  I , J  I , J = 1 , 3  I , SORT  4 |  1  I , SOPTC I  I  1  ■ SOPTB 1  I  I 

DO  240  I=1,NWGP  535  CONTINUE 

RATCIII  =  RACRGllI  •  RACFNIII  »  RACITIII  WRITE  16,6401  S 1 OL A , S  I  DLC ■ S 1 CL 1 

RABTdl  =  RABURIll  »  RABUFIII  +  RABDIIll  540  FORM4T  I  1  HC  ■  1  1  X  ,  16HTCT  AL  ALL  GROUP  S  ,  U  X  ,  F  1  1 .  1 ,  I  4X  ,  F  1  1  .  1  ,  I  4X  ,F  1 1  .  1  1 

240  CONTINUE  WRITE  I6,65CI 

no  250  I  =  1,NWGP  65C  F0RM4T  I  1  Hi , 1 X , 62HT0T «L  ALL  CROUPS  OOFS  NOT  INCLUDE  DEFERRED  GROUP 

SRACF  =  SRACF  *  RATCIII  IS,  IF  PRESENT. I 

SRABO  =  SRABO  ♦  RA8TII)  WRITE  15,6651 

253  CONTINUE  665  FORMAT  I IH 1 , / / , 56X , 1 R FPAuE  TyP"  1,  CUNT. I 

RETURN  WRITE  16,6701 

END  670  FORMAT  1 1 HT , 1 23HCNL Y  COMMERCIAL  VOLUMES  ARE  INCLUDED  11  THE  TABLES 

1  OF  PAGE  TYPE  1.  CUTS  ARf  ASSIGNrr  TO  BOARD  FOOT  TOTALS  IF  PCSSIBL 
^■•l>i-<>i.i;no  ririFl  2f.  ThEY/IH  ,124HAPPFAR  IN  CUPIC-FOCT  TOTALS  ONLY  WHEN  COMMERCIAL  S 

ciiiiiruuiiiir   v»iL»ci  jawlog  cuts  art   not   pcssiulf.   areas  of    intermediate  cuts   include  ac 


SUBROUTINE  GlDEl 


4R6AGE  CF/IH  ,35HNnNCrMMFRCIAL  SHOWN  ON  PAGE  TYPE  2.) 
WRITE  16,5801 

PRINT  PAGE  TYPE  1  -  SUMMiRY  OF  RESULTS  AND  GUIDE  TO  MANAGEMENT.  680  FORMAT  I  IH"  ,  1  2';HACTU  AL  VOLUMES  CUT  DURING  THE  NEXT  PcKIOD  COULD  BF 

1  4S  SHOWN  ON  PAGES  TYPE  2  IF  ALL  POSSIBL"^  CULTURAL  OPERATIONS,  AS 

COMMON  ADD,AGEI2I,AGFC,B4|2I,BAS|  21,RASO,BAST,8AUS,HF"RCH,RFVOL,  2  INDICATED/ IH  ,6eHnY  WCRK  COOES,  WERE  PERFGRMEO.  POTENTIAL  ANIiUAL  C 

ICFvOL.DATE 161 ,DBH| 21 ,OBHE ,DBHo,DHHT,nENl 2  I ,dEN0,DENT,DMUS ,FRAI21 ,  3UTS  WOULD  THEN  BE  —  I 

2FCT«l21,FnMI2l,FDNI2  1,FHTI2l,F0RETI19|,FVLI2l,HTI2l,HTCUH,HTSn,  WRITt  I6,5R0  1 

3HTST,K4K,KN0,M|N,MNK,NBK,NCMP,NSUB,NwGP,PCBHE,PRET,PR00|2  1,REST,  write  16,590  1 

4SAVE ,SBARB,SBARE, SPARC, SUAS, SITE,  5L4ND, THAI  21 ,TDM|  21  ,TFM, TIMf  ,TMPR  QO  700  I  =  1.NWGP 

5,TMP0,TDT12l,TnTD,TnTT,TVL12l,vnM2l,VLUS,nHRI21  WRIT=  16,6001  IWGPMMII,J1,J=1,3I,RGAC1II,RGCUIII,RGBUIII 

COMMON  ABFAG15,15I ,4C INTl 51 ,4njl 51 ,AGETHl 5, 141 , ALLCF 15, 14 1 ,ALOWCI  5  733  CONTINUE 

1  I  ,4LWRF  151  ,4MC4r,  15,  15  I  ,4MCUTI  5,l41,4RFS(5,;41,BDM4II5l,BFAGFI5,15|  WRITE  I6,61CI 

2,flFINT15l  ,CF4GEI5,  151  ,CFBf  15,  141,C0MPFI51,C0mCUISI  ,CUCYI5I  ,CUINTI5  DO  705  I  =  1,NWgP 

3  1,CUMAI  l5l,DBHTH|5,14l,nF|.4YI5l,0FNTHI5,!4l,nLEVI51,F'IBni51,  WRITE  I  6,600  I   IWCPNMI  |  ,  J  1  ,  ,1  =  I  ,  3  1  .  Fr:AC  1  I  1  ,  F  I  NC  I  I  1  ■  F  I  NB  1  I  I 

4FNCUl5l,GRCWRI5,2,14l ,GROWC I5,2,14I,GVL6FI51,GVLCUI51,INVL15,3,14I  705  CONTINUE 

5,NSII5  1,0PbDI5I,0PCUI5  1,PAIRD15I,PAICU15  1 .poor  I  51, RE GN I  5, 3, 141,  WRITE  16,620  1 

5RINT15I ,SARSPI5I ,SBFI 51, SHHLT15, 2, 141, SHWDI 5,2,141 ,SMCI5I ,SMSPI51 ,  DO  710  I=1,NWGP                                    r^„r,,,, 

7SUBBFI5,14I  ,SUBCF|5,14I,SUHCFI51  , S YS T I  5  I , TH I N I  5 1 , VLL V  I  5 ,  3  ,  14  1  ,  WRITE   I6,60CI   IWGPNMI  I  ,J|  , J = 1 , 3  I , T HAC 1  I  I,  THCUI  1  I,  THRO  I  I  1 

8wGNUMI5  1,WGPDESI5,20  1,WGPNM15,3|  ,SPNUMI  5I,TRI)I5,71,PASPI5,7I  710  CONTINUE 

COMMON  4CBAR17I  ,ARRKI  7I,B4RSII  7,  UKPFTHI  7,271,CMTHI7,27I  ,CUTA1  7,2  WRITE  16,6301 

17l,CUT8l7,27l,HELPI7,27l,NSBK|7|,nprN(7,t71,PRRSII7,141,PCCFM7,?7  DO  715  l=l,NWGP                      ,„..r,,,  rorr,,,,,  T„Tnn,l, 

2I,PDCFR17,27I  , PS  PL T  I  7 , 27  I , PUNC 1 7 , 2 7  I , S AP E T Y I  7 , 3 5  I , SL VG 1 7 , 2 7  I  ,SPLTI  WRITE  16,6J0I  I WGPNM I  I , J  1 , J= 1 , 3 1 > TOT  AC  1  I  I , TOTCU 1  I  I , TUTRD d  I 

37,271 ,TMTYI7I .UNCMLI 7,271 ,P4BRI71 ,PARTYI 7, 351  715  CONTINUE 

COMMON  4CFNLI5,7,15I ,4CRGNI5,7,15I,ACSI I  5, 7, 141 ,ACSPI5,7I  ,GRB0I5,7  WRITE  16,5401  ANNAC, ANNCU , ANN  BO 

1,15I,GRMCI5,7,15I,PS15,7,14I,STYPI35I,TYPNMI35,5I,PASII5,7,14I  WRITE  15,5651 

WRITt  16,7201 
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720  FORH«T  ( 

lA  REGUL& 

WRITE  (6 

725  FORMAT  { 

IIH  ,8X,4 

296HI2)  M 

36  EOUAL 

WRITE  (6 

730  FORMAT  I 

I  AREA  RE 

WRITE  16 

WRITE  (6 

00  732  I 

WRITE  (6 

732  CONTINUE 

WRITE  16 

DO  73*  I 

WRITE  (6 

734  CONTINUE 

WRITE  16 

00  736  I 

WRITE  (6 

736  CONTINUE 

WRITE  16 

DO  738  I 

WRITE  (6 

738  CONTINUE 

WRITE  (6 

WRITE  (6 

WRITE  (6 

T,:i    FORMAT  I 

ICUBIC-FO 

WRITE  16 

7<.5  FORMAT  ( 

IBLES  AND 

WRITE  (6 

750  FORMAT  ( 

1 16X17HCU 

DO  755  1 

IFIWGPNM 

WRITE  16 

755  CONTINUE 

WRITE  (6 

760  FORMAT  ( 

WRITE  !6 

765  FORMAT  ( 

ITS  TABUL 

WRITE  16 

00  770  I 

WRITE  (6 

770  CONTINUE 

WRITE  (6 

775  FORMAT  ( 

ICOMPUTAT 

2TYPE/1H 

3PAGES  TY 

<>R/1H  ,68 

SOCK  VOLU 

WRITE  16 

800  FORMAT  ( 

IINCLUDE 

2T  NEARLY 

3H  SITE  C 

4TIVE  VOL 

5A0JUSTME 

WRITE  (6 

805  FORMAT  ( 

I  WORK  IN 

WRITE  (6 

810  FORMAT  ( 

II 

00  820 

WRITE  (6 

815  FORMAT  ( 

820  CONTINUE 

RETURN 

END 


1M0,109HTHE  FIRST  TABLE,  ABOVE,  REPRESENTS  YIELDS  FROM  ARE 

TION  WHEN  VOLUME  AND  AREA  GOALS  HAVE  BEEN  ATTAINED.) 

,7251 

1H0,50HThE  SECOND  TABLE  CAN  REPRESENT  AREA  REGULATION  IF-/ 

8H(1)  VOLUME  AND  AREA  GOALS  HAVE  NOT  BEEN  ATIAINEO/IH  ,8X, 

ORK  COOING  IS  SUCH  THAT  THE  AREA  VALUES  OF  THE  SECOND  TABL 

AREAS  OF  THE  FIRST  TABLE. I 

,730) 

1h0,87HIF  NEITHER  OF  THESE  ALTERNATIVES  APPLY,  YIELDS  FROM 

GULATION  WILL  BE  AS  FOLLOWS-) 

,580) 

,590) 

=l,NWGP 

,600)  (WGPNMI l,JI,J=l,3),SANCUTII),RACRG(II,RAB0R(I) 

.610) 

=l,NWGP 

,6001  IWGPNM( I, J) ,J=l,3),SFNLI  I ) , RACFNI  I ) , RABDFI I  ) 

,620) 

-1,NWGP 

,600)  (WGPNMII,JI,J=l,3),ACINTIII,RACITII),RAB0l(l) 

,630) 

-1,NWGP 

,600)   IMGPNMI l,JI,J=l,3),S0PTAIII,RATCII ),RABTI I ) 

,6'>0)  SIDLA,SRACF,SRABD 
,665) 

,740) 

1HO,//,IX,85HFORMULA  COMPUTATION  OF  ALLOWABLE  ANNUAL  CUT. 

OT  VOLUMES  INCLUDE  SAWLOG  TREES-) 

,7451 

1H0,IIX,79HHFYER  FORMULA  WITH  H.A.I.  FROM  OPTIMUM  YIELD  TA 

COMPUTED  CROWING  STOCKS) 
,7501 
1H0,',2X,10HADJUSTMENT,12X,  UHHUNDREDS  OF/IH  , 'i<.X,6HPcR  100, 

FT.,17X,9HM  BO.  FT.,/) 
=1,NWGP 

1,1)  .EO.  'iHCEFE)  GO  TO  755 

600)  IWGPNHI  l,JI,J::l,3),A0J(  I  l,AL0wri  I  l,ALW8F(  I  ) 

,760)  T0TI2),T0TI 1) 

lH0,15X,5HTOTAL,4  3X,Fll.l, 14X,Fll.l) 

,765) 

1HC.11X,65HMEAN  ANNUAL  INCREMENTS  USED  TO  OBTAIN  THE  R6SUL 

ATED  ABOVE) 

750) 

l.NWGP 

600)  IWGPNMI I,J),j=1,3),A0jiI),CUmAIII),BDHAIIII 

775) 
IH0,120hFORMULA  computations  are  based  on  VOLUME  AND  AREA 
IONS  SUMMARIZED  ON  OTHER  PAGES.  VOLUME  GOALS  ARE  ON  PAGES 
,120H'<,    8,  9,  10,  AND  11.  ACTUAL  AREAS  AND  VOLUMES  ARE  ON 
PE  6,  7,  13,  AND  14.  CUBIC  VOLUMES  INCLUDE  ALL  TREES  LARGE 
HAND  OLDER  THAN  MINIMUM  LIMITS  FOR  INCLUSION  IN  GROWING  ST 
ME.) 

800  1 
IHC, 124HSTANDS  SELECTED  FOR  HARVEST  AND  REGENERATION  WILL 
THOSE  CLASSED  AS  WORK  INDEX  4,  5,  OR  6.  IT  IS  EXPECTED  THA 
/IH  ,126HE0UAL  AREAS  WILL  BE  CUT  ANNUALLY  IN  STANDS  OF  EAC 
LASS.  IF  THIS  IS  NOT  DESIRABLE,  FACTORS  THAT  INDICATE  RELA 
UME/IH  ,59HPR0DUCTI0N  (PAGE  TYPE  12)  MAY  BE  USED  FOR  AREA 
NTS.  ) 
,805) 

IH0,100HIF  WORK  IS  DONE  DURING  NEXT  PERIOD  AS  SPECIFIED  BY 
DEXES,  PERIODIC  ANNUAL  INCREMENTS  WILL  BE-) 
,810) 
1h0,44X, UHHUNDREDS  OF/IH  ,46X,7HCU.  FT.,17X,9HH  BO.  FT.,/ 

-l.NWGP 

,815)  IWGPNHI I.J),J=1,3I,PAICUII),PAIB0III 

IH  ,15X,3A4, 19X,F8.1, 16X,F8.1) 


),SCRBI5 
,SIDLA,S 
),STBSI2 
,THACI5) 


,7), 
IDLB, 
5),STF0 
,THBD(5), 


Subroutine  GII)E2 


SUBROUTINE  GIDE2 


POTENTIAL  WORK  AMD  YIELDS  FOR  NEXT  PERIOD. 


C  PRINT  PAGE  TYPE 
C 

common  ad0,age(2) ,agea,bai2) ,basi 2).bas 
1cfv0l,datei5) .dbhi 2 ) , dbhe, dbho, dbht , den 
2fctri2).fdm(2),fdn(2),fht(2),f0reti19) 
3hTST,kak,kno,min,mnk,nbk,ncmp,nsub,nwGp 
4save,sbarb,sbare,sbarg,sbas,site,sland 
5,tmp0,t0t(2),t0t0.tott,tvli2),vdmi2),vl 

COMMON  ABFaGI5,15).a:iNT15),ADJ(5),AGET 
1),»LWBF(5),AMCAG(5,15),ANCUTI5,14) ,AREA 
2,BFINTI5) ,CFAGE(5,15I ,CFBF( 5, 14 ) , COMBFI 
3),CUMAI(5),D8HTH(5,14),DELAYI5).0ENTH(5 
4FNCJI5),GR0WBI5,2,14) .GROWC ( 5,2. 14 ) , GVL 
5,NSII5I ,0PBD(5) ,OPCUI5),PAIBOI5) ,PAICUI 
6RINTI5I,SARSP(5),SBFI5),SHELT(5,2,14),S 
7SUBBF(5.14).SUBCF(5.14).SUMCFI5).SYST(5 
8WGNUM(5).WGPDESI5,20) ,WGPNM( 5, 3  I , SPNUMI 

COMMON  ACBARI7) . ARBKI 7 ) . BARS  I  I  7, 14  I , BFr 
17I,CUTB(7,27) .HELP! 7 , 27 ) , NSBK I  7 ) ,  OPEN!  7 
2) .PDCFR(7.271.PSPLT(7,27).PUNC(7,27),SA 
37,27),TMTYI7) ,UNCML(7,27) ,PABRI7),PARTY 

COMMON  ACFNL(5,7,15).ACR5N(5,7.15).ACSI 
1.151  ,GRMC(5,7.15) ,PSI5,7,14),STYP(35),I 
C 

COMMON  /BLKC/  ANNAC , ANNBD, ANNCU,F I NBI 5  I 
1RGB0I5I  ,R|,CUI5I,SAhPI5).SANCUTI5I.SATHI 


O.BAST.BAJS.B 
(2).DEN0.DENT 
FVL(2).HTI2I 

PDBHE.PRET.P 
TBA( 2),TdMI 2) 
US,DMR(2l 
HI5,14).ALLCF 
15, 14),B0MAII 
5),C0HCU(5I,C 

141 .DLEVI 5) , 
BF(5),GVLCU(5 
5),P00R(5),RE 
HW0I5,2.14),S 
) ,THIN(5),VLL 
5) ,TPBI5,7) ,P 
H( 7,27),CMTH( 

27).PBRSII 7, 
«ETY(7.35I .SL 
17.35) 

I5,7,14),ACSP 
YPNM(35,5).PA 


FMRCH.BFVDL. 

DMUS.FBAI2) , 
HTCUM.HTSO, 
R0DI2),RESI, 
, TEM, TIME,TMB« 

(5,14I,ALDWC(5 

5),BFAGEI5,15) 

UCYI5).:uINTI5 

FNB0(5I, 

l,INVLI5,3,14l 

GNI5,3,14), 

MCI  5) ,SMSPI5) , 

VI5,3.l4l , 

ASPI5,7) 

7,27) ,CUTAI7,2 

14),PDCFN(7,27 

VGI 7.27) .SPLTI 

|5.7).GRBDI5,7 
SI(5,7,14I 


FOR  NEXT  PERIOD) 


DURUG  NEXT  PERI 


2SCAI5.7),SCBI5,7).SCN(5),SCNB(5,7I,SCNT(25),SCRI5 
3SCRT(25) ,SCU(5,7),SCURI5),SFNlI5),SFR(5),SHLI5,7) 
4SIDlC,SOPI5,7),SOPTAI5),SOPIBI5),SDPTCI5),SSL(5,7 
5I25),SThPI25) , SThR ( 25 ) . STLV (25 ) , STNC I  25 ) . STONI 25 ) 
6THCUI5I.T0TACl5).T0T8D(5),T0TCul5),SBM(5,7) 

DO  490  KA=1.NWGP 

SSUM  =  0.0 

SSUM  -    SATH(KA)  ♦  SCURIKAl  »  SBFRIKA)  ♦  SBSV(KA)  < 
ISCRIKA)  ♦  SFRIKA)  •  SCNIKA)  ♦  SAHPIKA) 

IFISSUM  .EQ.  0.0)  GO  TO  500 

WRITE  16,5) 
5  FORMAT  IIH1.//.60X.11HPAGE  TYPE  2) 

WRITE  (6.10) 
10  FORMAT  I 1H0.40X,46HP0TENTIAL  WORK  LOAD  AND  YIELDS 

WRITE  16,15)  (FORETII),  1=1.191 
15  FORMAT  (IH  ,29X.leA4,A2) 

KOUNT  =  0 

IFISATHIKA)  .EQ.  0.0)  GO  TO  100 

KOUNT  =  ROUNT  ♦  1 

WRITE  16.20) 
20  FORMAT  (1H0./.41X.47HACRES  OF  COMMERCIAL  THINNING 
100) 

IF(XA  .EO.  21  GO  TO  30 

IFIKA  .EO.  3)  GO  TO  40 

IFIKA  .EO.  41  GO  TO  50 

IFIKA  .EO.  51  GO  TO  60 

WRITE  16.251 
25  FORMAT  I IHO ./ .4X.5HBL0CK. l2X.6HrYPE  1.13X,6HTYPE  2.13X.6HTYPE  3,13 
1X.6HTYPE  4,13X,6HTYPE  5, 14X, 5HT0TAL . / ) 

MK  =  I 

NK  =  5 

GO  TO  70 
30  WRITE  (6.35) 

35  FORMAT  { IHO. / .4X .5HBL0CK. I 2X. 5HTYPE  6.13X.6HTYPE  7.13X,6HTYPE  8.13 
IX.6HTYPE  9.12X.7HTYPE  10. 14X , 5HT0TAL. / ) 

MK  =  6 

NK  =  10 

GO  TO  70 
40  WRITE  16.45) 

45  FORMAT  (1H0./.4X.5HBLOCK. 11X.7HTYPE  1 1 . 12X, 7HTYPE  12, 12X, 7HTYPE  13 
1.12X,7HTYPE  14.12X.7HTYPE  15 . 14X , 5HT0TAL . / ) 

HK  =  II 

NK  =  15 

GO  TO  70 
50  WRITE  (6.551 

55  FORMAT  ( IHO,  / .4X . 5HBL0CK . 1 IX,  7HTYPE  16, 12X, 7HTYPE  17, 12X, 7HTYPE  18 
l,12X,7HIYPE  19,12X,7hTYPE  20, 14X, 5HT0T AL. / ) 

MK  -  16 

NK  =  20 

GO  TO  70 
60  WRITE  16.65) 

65  FORMAT  (1HO./.4X.5HBLOCK,UX.7HTYPE  21 ,  12X,  7HTYPE  22.  12X,  7HTYPE  23 
1.12X,7HTYPE  24,12X,THTYPE  25. 14X.5HT0TAL./ I 

MK  =  21 

NK  =  25 
70  DO  80  1=1. NBK 

WRITE  (6.75)  I.IOPENd.JI  ,J=MK,NK).SOP(kA.I) 
75  FORMAT  (IH  .4X.I2.10X.F11.1.5I8X.F11.U) 
80  CONTINUE 

WRITE  16.85)  (STONI I ) . I=MK.NK).SATH(KA) 
85  FORMAT  ( IHO, 3X.5HTOTAL. 6 ( 8X .F 11 . 1 ) I 
100  IF(SCURIKA)  .EQ.  D.O)  GO  TO  15D 

KOUNT  =  KOUNT  ♦  1 

WRITE  (6,105) 
105  FORMAT  (1H0.//.44X,39HHUNDRE0S  OF  CJ.  FT.  REMOVED  BY  THINNING) 

IFIKA  .EQ.  2)  GO  TO  110 

IFIKA  .EQ.  3)  GO  TO  115 

IFIKA  .EO.  41  GO  TO  120 

IFIKA  .EO.  51  GO  TO  125 

WRITE  (6.25) 

MK  =  I 

NK  =  5 

GO  TO  130 
110  WRITE  16.351 

HK  =  5 

NK  =  10 

GO  TO  130 
115  WRITE  (6.45) 

MK  =  II 

NK  =  IS 

GO  TO  130 
120  WRITE  (6.55) 

MK  =  16 

NK  =  20 

GO  TO  130 
125  WRITE  (6.65) 

MK  =  21 


NX 


25 


.FINC(5) ,FNAC(5).RGAC(5). 
SI,SBFRISI,SBHI5),SBSV(5). 


130  DO  135  1=1, NBK 

WRITE  (6,75)  I,(CMTH(I.J).J  =  MK.NK).SCU(KA,I  I 
135  CONTINUE 

WRITE  16.85)  ISTNCII).I  =  MK.NK).SCUR(KA) 
150  IF(SBFR(KA)  .EQ.  0.0)  GO  TO  190 

KOUNT  =  KOUNT  ♦  1 

WRITE  (6.155) 
155  FORMAT  ( IHO . // . 50X , 29HM  8D.  FT.  REMOVED  BY  THINNING) 

IFIKA  .EQ.  2)  GO  TO  160 

IFIKA  .EQ.  3)  GO  TO  165 

IFIKA  .EQ.  4)  GO  TO  170 

IFIKA  .EO.  5)  GO  TO  175 

WRITE  16.251 

MK  =  1 

NK  =  5 

GO  TO  180 
150  WRITE  16.35) 

MK  =  6 

NK  =  10 


40 


GO  TO  180 
165  WRITE  (6,<,5) 


HK 


U 


NK  =  15 
r.O  TO  160 
170  WRITE  (6t55) 
MK  =  16 

r.O  TO  180 
175  WRITE  15,65) 
MK  =  21 
\K    =  25 

18J  no  in5  1=1 ,N8K 

WRITE   I6i75)   I > (BF THI 1 , J) , J=MK,NK I ,5BV(KA, I ) 
1'55  CONTnuF 

WRITE  16,85)   (STPSI  I  )  ,  I=MK,',IK  )  ,5uF0  I  KS) 
190  IF(<OUNT  .LT.  3)  -,0  TO  200 

SSU'1  '     5l!SV(KA|   «  SBHIK41  •  SCRIKS]  •  SF»(KA]  »  SCN(<»)  »  ^SMPiKOl 

IF  ISSUM  .EQ.  0.0)  '•,0  Tn  50; 

WRITE  16,5) 

KOU'JT  =  0 
200  IFISBSVIKAI  .CQ.  0.0)  00  TO  2<.0 

ROUNT  -  KOUMT  ♦  1 

WRITE  (5,2C5) 
205  FORXAT  I  IHO, //,*>«<, 39HW  tID.  FT.  TO  BE  SftLVSGED  IN  NEXT  PtRIOllI 

IF (KA  .EO.  2)  GO  TO  21? 

IF(KA  .EU.  3)  GO  TO  215 

IFIKA  .EO.  <>)  GO  TO  220 

IFKA  .FO.  5)  GO  TO  225 

WRITE  16,251 

HK  =  I 

NK  =  5 

GO  TO  230 
210  WRITE  (6,35) 

MK  =  6 

MK  =  10 

GO    TO    230 
215    WRI  TE     16, '.51 


MK 


11 


SIK     =     1  5 

GO  TO  ?3:i 
220  WRI T£  16,551 

MK  =  16 

MK  =  2C 

GO  TO  230 
225  WRITE  (5,65) 

MK  =  21 

NK  =    2  5 
230  DO  235  1=1, NBK 

WRITE     16,751      I  ,  I  SLVlil  I  ,  Jl  ,  J  =  MK,NK  1  ,SSL(KA,  I  1 
235    CONTIMUE 

WRITE  16,351  (STLVI I  1 , I=MK,MK I , SeSV(KA 1 
2*0  IFIKOUNT  .LT.  3)  GO  TO  250 

SSOM  =  SBHIKA)  *  SCR(KA)  *  SFRIK4)  *     SCNIKAI  •  SAHPIKA) 

IFISSUM  .EO.  0.01  GO  TO  50: 

WRITE  16,5) 

KOJNT  =  J 
250  IFISBHIKAl  .EO.  0.0)  GO  TO  290 

KOUNT  =  KOUNT  •  1 

WRITE  16,255) 
255  FORMAT  I  1  HC  , // ,  <.lx  ,  ".iHW  RO.  FT.  TO  Bf  HARVESTED  BY  REGENt  RAT  I  O'J  CU 
ITS) 

IFIKA  .EO.  2)  GO  TO  260 

IFIKA  .EO.  3)  GO  TO  265 

IFlKA  .FQ.  'i)  GO  TO  270 

IFIKA  .FO.  5)  GO  TO  275 

WRITE  16,25) 

MK  =  1 

NK  =  5 

GO  TO  280 
260  WRITE  16,35) 

MK  =  6 

NK  =  10 

GO  TO  280 
265  WRITE  I5,<>5) 

MK  =  11 

NK  =  15 

GO    TO    280 
270    WRITE     16,55) 

MK    =    16 

NK    =    20 

GO  TU  280 
275  WRITE  16,55) 

HK  =  21 

NK  =  25 
280  DO  285  1=1, NBK 

WRITE   16,75)   I  ,  (CUTAl  I  , J)  , J=MK,NK  l.SCAIKA,  I  1 
285  CONTINUE 

WRITE  15,85)   ISTHR  I  I  )  ,  I=MK,NK  1  ,St'HI  KSl 
290  IFIKOUNT  .LT.  3)  GO  TO  300 

SSUM  =  SGRIKAl  ♦  SFRIKAI  >  SCNIKAI  ♦  SAHPIKAI 

IFISSUH  .EO.  C.O)  GO  TO  50? 

WRITE  16,5) 

KOUNT  =  0 
300  IFISCRIKA)  .EO.  0.0)  GO  In  340 

KOuNT  =  KOUNT  ♦  1 

WRITE  15,3:51 
305  FORMAT  1  lH0,//,<,3X,<,2HHUNnREDS  OF  Cu.  FT.  FROM  REGENERATION  CUTSl 

IFIKA  .EO.  21  GO  TO  310 

IFIKA  .EO.  31  GO  TO  315 

IFIKA  .EO.  *l  GO  TO  320 

IFIKA  .EQ.  51  GO  TO  325 

WRITE  16,25) 

MK  =  1 

NK  =  5 

GO  TO  330 
310  WRITE  15,35) 

MK     =     6 

NK     =     10 


GO    TiJ    33; 
115WRITe      I6,<.5I 
MK     =     11 
NK     =     15 

:;o   TO   330 
32;.    w«IT:     16,551 

MK     =     16 

\K    =    2  0 

,VI    Tl    33& 
325    WRIT=     16, b-;! 

MK     =    21 

NK    =    25 
330    no    335    I =1,NBK 

WRITE      16,751      1  ,  IPnCFt  I  I  ,11  , J=MK,   iK  l,SCReiKA,  I  1 
335    CONTINUE 

WRlTi-      I6,1'l      ISCTI  I  1  ,  l=MK,.jK  1  ,s:b1K»| 
5<.;    lF(KOlJ^iT    .LT.     3)    GO    TO    350 

SSUM     =     SFOIKA)     •     SCNIKA)      f     SAHPUAI 

IFISSUM     .tC.     0.0)     GO     TO     500 

i.RITl     16,5) 

KOUNT  =  C 
i5j  IFISFRIKAl  .El).  ;.:)  GO  TO  190 

KOUNT  =  KOUNT  t     1 

WRITE  16,3551 
355  FORMAT  I  1  Hj  ,  /  /  ,  3  7X  ,  5<.H>'  hP.  FT.  TO  RJ  HAavfSTED  SV  FINAL  REMOVAL  0 
IF  OVERWOOOi 

IFIKA  .EC.  21  GO  TO  >6C 

IFIKA  .ro.  31  GO  TO  365 

IFIKA  .FC.  <.)  GO  TO  37: 

IFIKA  .CO.  51  ,;n  TO  375 

WRITE  16,251 

MK  =  1 

NK  =  5 

GO  TO  3  80 
36J  WRITE  16,351 

MK  =  6 

NK  =  10 

3  0  TJ  380 
365  WRI TE   16, 451 

HK  =  1  1 

NK  =  1  = 

r.o  TO  38: 

J70  WR 1 TE  16,551 

MK  =  16 

NK  =  20 

GO  TO  3SG 
375  WRITE  15,651 

MK  =  21 

NK  =  25 
38u  00  385  1=1 ,NBK 

WRITE  16,75)   I, ICJTBI  I, Jl  ,J  =  MK,N< I.SCBIKA, I  ) 
385  CONTINUE 

WRITE   16,851   ISTFOI  I  1  ,  I=MK,'IK  1  ,S(  ai  KAl 
390  IFIKOUNT  .LI.  31  GO  TO  400 

SSUM  =  SCNIKAI  ♦  SAHPIKAI 

IFI SSUM  .EU.  0.0)  GO  TO  500 

WRITE  16,5) 

KOUNI  =  t 
<,0J  IFISCNIKAl  .EO.  C.C)  GO  TO  '■'.0 

KOUNT  =  KOUNT  *  1 

WRITE  I6,<.:51 
405  FORMAT  I  1  H?  ■  /  /  , '.6X  ,  35  HHJMOR  EDS  OF  CJ.  FT.  FRDM  FINAL  CUTSl 

IFIKA  .EU.  2)  GO  TO  410 

IFIKA  .EO.  31  on  TO  415 

IFIKA  .FO.  41  GO  TO  42: 

IFIKA  .El).  51  GO  T"  425 

WRITE  15,251 

"K  =  1 

NK  =  5 

GO  TO  430 
41 ;  WRITE  15,35) 

MK  =  6 

NK  =  I  D 

GO  TO  430  , 

415  WRITE  15,451 

MK  =  11 


NK 


15 


GO  TO  430 
420  WRITE  16,55) 

MK  =  16 

NK  =  20 

GO  TU  430 
425  WRI Tt  16,65) 

MK  =  21 

NK  =  25 
430  00  435  I =1 ,N8K 

WRITE  15,75)   I,  IPDCFNI  I  . J  I, J  =  MK,NK  1,SCNBIKA,  I  1 
435  CONTINUE 

WRITE  16,85)   ISCNTI  I  I  ,1  =MK,NK1  ,S:NIKA1 
440  IFIKOUNT  .LT.  3)  GO  TO  445 

SSUM  =  SAHPIKA) 

IFISSU"  .CO.  0.0)  GO  TO  500 

WRITE  16,51 

KOUNT  =  0 
445  IFISAHPIKAI   .CU.  C.O)  1.0  TO  490 

WRITE  16,450) 
450  FORMAT  llHC,//,3  )K,50HAC.'fS  OF  NONC  OMMF  RC 1 AL  THINNING  DURING  NEXT 

iPERioni 

IFIKA  .EO.  2)  GO  TO  4  60 
IFIKA  .FO.  3)  GO  TCI  46'". 
IFIKA  .FU.  41  on  TO  47C 
IFIKA  .EU.  51  GO  TO  475 
WRITE  16,251 
MK  =  1 
NK  =  5 
GO  TO  48 
45-)  WRITE   16,351 
»K  =  5 

NK  =  1 : 


4  1 


00    TO    480 
<,65    WRITE     l&,4;) 


HK 


11 


•JK     =     15 

30  TO  480 
470  HR1I6  (6i55l 

MX  -  ie> 

HK    -    20 

GO  TO  480 
475  WRITE  16.65) 

MK  =  21 

HK     =  25 
4B0  DO  485  I=liMBK 

WHITE  (6.751  I.  (HCLP(  I,  J)  ,J=mk.NK1,SH1.(kA.  I  ) 
485  CONTMuE 

W9ITE  (6.851  ISThPI  I  I  ,1  =>IK,NK)  ,S»HP(KA) 
490  CONTINUE 
500  RETJRN 

END 


Siihroiiline   HlilM' 


SUBROUTINE  BMPP 


LOCATION  FOR  ALL  SPECIES 
HILLS  pONDEROSA  PINE. 


SPECIFIC  STATfHFNTS  APPLICABLE  TO  BLACK 


COMMON  A00,AGE(2 
1CFV0L.DATE(6I.DB 
2FCTal2l .FnMI2) 
3HTST.KAK.KN0.MIN 
4SAVE,SBARB.SBARE 
5,TMP0,T0T(2I .TOT 

COMMOM  ABFAGI5.1 
1  )  .ALWBF 151 .AMCAG 
2.BFINTI5) .CFAGEI 
3) .CJMAI ( 5) .DBHTh 
4FN:J(51 ,GR0WbI5. 
5.NSI (51 .OPnO(5l . 
6RINT(5I .SARSP(5I 
7SUBBF(5,14I,SUBC 
8WGNUm(51 .WGPDESI 

COMMON  ACBAR (7) , 
171 .CUTBI7.27) .HE 
21  .PDCFRI7.27) .PS 
37.271  .TMTY(71 .UN 

COMMON  ACFNL(5,7 
1.151.GRMC(5.7,15 


I . AGEC 
H(2I.C 
DN(2I  . 
.MNK.N 
.SBARG 
O.TOTT 
51  .AC  I 
(5.151 
5.15)  , 
(5.14  1 
2.14)  , 
0PCU(5 
SBF(  5 
F(5,14 
5.201 . 
AOBKI 7 
LP(7,2 
PLT( 7. 
CML(7. 
15),  A 
.PS(  5 


BA(2).8AS( 

HE.DRHO.nB 
HT(2).F0RE 
K.NCMP.NSu 
SBAS.SHE. 
r>/L(  2  1  .(/CIM 
ri51 ,A0J(5 
AMCjr(5, 14 
FeF(5. 141. 
OELAV( 51. n 
RDWC(5,2.1 
,PAIB0(51, 
.SHELT|S,2 
.SUMCF(51 . 
GPNMCi.ll  . 
.BARS  1(7,1 
1 .NSBKI 71, 
71  ,PUNC( 7, 
71  .PA6R(71 
RiN( 5.7,15 
7.141.SrYP 


.BASO.BAST.BAUS.R 

.nEN(21.0EN0.DENT 
19).F\/L(2).HT(21. 
NUGP.PDBME.PRE T,P 
ANn,TBA(  21  ,  T|)M(  21 
1,VLUS,[>MR(2I 
AGETH( 5,141 , ALLCF 
AREA(  5,141,  BOMAK 
MBF(51,cn«CUI51,C 
Th( 5.141 .DLEVI51 . 
,GVLBF{51,GVLCU(5 
ICu(51,P0D11(  51, <E 
41 ,Shmo(5,2,14I ,S 
ST( 5) ,Th|N(51 ,VLL 
NUMI 5 1 ,tpB( 5, 71  ,P 
,BFrH( 7,271 ,:yTH( 
EN(7,271,?BRS1( 7, 
l,SA«ETyi7,351 ,SL 
ARTYI 7,351 
ACS  1(5.7. 141, ACSP 
5),TYPMM(35,51 ,PA 


fmrch.bfvol. 

DMUS,FBA(2) . 
HTCUM.HTSO, 
R10(21.RFST. 
. TEM, TIME .TMBR 

(5. 141 ,AL0WC(5 

51.BFAr,E(  5.  151 

UCY(51  ,Ci;INT(5 

FNBD(5), 

1 , INVL(5,3, 141 

GN( 5,3,141, 

MC (51 ,SMSP(51 , 

t/(5,3.l4)  , 

»SP(5,7) 

7,271 ,:UTA(7,2 

141 ,PdCFN(7,27 

VG( 7,271,SPLT1 

( 5,71 ,GR8D(5.7 
SI  15.7.14) 


COMMON     /BLKO/     IJ.IK.KI  ,\/0L,  rVOL 

GO    TO    (10, 20. 30,40. 50. 60, 70, 80, <)D,  100.110.120).     IJ 
SECTION    1    -    FIND    TOTAL    CUBIC    FOOT    VOLUME. 

10  D2H     =     DBH(IK)     •     OBHIIKl     •     HT(IK) 
IF(D2H    .GT.    6000.01    GO    TO    11 

TOTIIK)     =     (0.00225    •    D2H    -    0.00074    •    BASIKl     »    0.037111    •    PEN(IK1 
GO    TO    12 

11  TOr(IKl     =     (0. 00247    •    02H    »    0.00130    •    PAS(IK1    -    1.402861    •    OENdKl 

12  RETURN 


c 
c 

SEC 

TION  2  -  VOLUME  CONVERSION  FACTORS. 

c 

merch.  :u.  ft 

.  -  TREES  6.0  INCHES  O.B.H.  AND  LARGER  TO  4-In:h  TOP. 

c 

c 

BO. 

FT.  -  TREES  10.0  INCHES  O.B.H.  AND  LARGER  TO  R-INCH  TOP. 

20 

00  21  J=l 

.2 

FCTRIJl  = 

0.0 

21 

PR00(J1  = 

0.0 

00  26  1=1 

,KNO 

IF(VDM( 1 1 

.LE.  4.991  GO  TO  26 

IF(VOM(I 1 

.GT.  6.71  GO  TO  22 

FCTR(I)  = 

0.26612  ♦  VOM( I )  -  1.12hB? 

GO  TO  24 

22 

IF( VDM( I  1 

.GT.  10.41  CO  Tfl  23 

FCT*(I1  = 

3.46993  -  0.12017  •  VD"(I1  -  IJ. 41984  /  VD"(I) 

GO  TO  24 

23 

FCTRd  1  = 

0.99666  -  0.66932  /  VOxdl 

24 

IF( VDM( I  1 

.LE.  7.991  GO  TO  26 

IF(VOM( 1 1 

.GT.  11.91  GO  TO  25                ^ 

0.87783  •  VOMIII  .  0.0C660  •  BAlH  -  7.27957 

PROOIIl  - 

GO  TO  26 

25 

1 

PROOdl  = 
I  /  VOM(I) 

5.10752  ♦  0.10712  •  VDM(|)  ♦  0.00185  •  BAIII  -  36.20229 

26 

CONTINUE 

c 
c 
c 

RETURN 

SECTION  3  -  GROWTH  FOR  NEXT  PERIOD. 

GO    TO    35 

34  FVLIIl    =    (0.00247    •    D2H    .    0.0013c    *    FPA(I1    -    1.402B61     •    FDN(il 

35  CONTINUE 
RETURN 

C 

C  SECTION  4  -  FUTURE  UNThINNEO  UNDERSTQRY  IF  QVERSIORY  REDUCED  NOW. 

C 

40  DMUS  =  0.68511  •  DBH(21  »  1.29735  •  AL OG10( HT ( 2 1 1  ♦  0.00119  •  OBH( 
121  •  SITE  ♦  62.37174  /  BAS(21  -  1.56975 

IF(08H(21  .GE.  10.0)  GO  TO  41 

ONUS  =  0.00247  ♦  0.00124  •  DBH(2)  ♦  0.00028  •  DBH(2I  «  DBH(21  »  0. 
100000521  •  8AS(21  •  BAS(21  -  0.0000905  »  DBH(21  •  8AS(21 
IF(DNUS  .LT.  O.OI  ONUS  =  0.0 
ONUS  =  DEN(21  •  (1.0  -  ONUS  1 
HNK  =  ONUS  ♦  0.5 
ONUS  =  MNK 
GO  TO  42 

41  ONUS  =  DEN(21 

42  BAUS  =  0.0054542  *  DMUS  •  DMUS  •  DNUS 

HTUS  =  15.43021  »  1.107  «  HT(21  -  0.08637  »  AGE(21  -  304.12172  /  S 
IITE  -  0.02447  »  SITE  •  BAS(21  /  100.0 
02H  -    DMUS  •  DMUS  »  HTUS 
IF(02M  .GT.  6000.0)  GC  TO  43 

VLUS  =  (0.00225  •  D2H  -  0.00074  •  BAUS  *  0.037111  »  ONUS 
GO  TO  44 

43  VLUS  =  (0.00247  •  D2H  ♦  0.00130  •  BAUS  -  1.402861  •  ONUS 

44  RETURN 
C 

C    SECTION    5    -    NEW    O.B.H.    AFTER    THINNING. 
C 

50  IFIPRET    .LT.    50.0)    GO    TO    51 

(JOHE    =    0.73365    ♦    1.0200B    •    RBHO    -    0.01107    •    (PRET    -    50.0)    -    0.0001 
14    »    (PRET    -    50.0)     •    (PRET    -    50.0) 
GO    TO    52 

51  PDBhE    =    0.49401    ♦    0.71890    •    ALOGIO(DBHO)    -    0.22530    •    ALOGlOIPRcT) 
1    ♦    0.12616    •    ALOGIOIDBHOI     •    ALOGIO(PRET) 

DBHE    =    10.0    ••    POBHE 

52  RETURN 


30  DO    35    1=1.2 

TMOY    =    AGE(I)    •    TIME 
IF(TMDY    .LT.    TEM)    GO    TO    35 
IF    (HT( I ).LE.O. 1    GO    TO    31 

FOMIIl     =    0.88511    »    DBHIll     »     1.29735    •    ALOGIO ( HT (  I  1 1 
IHdl     •    SITE    »    62.37174    /    SBAS    -     1.56975 

31  IFOBHIll     .GE.    10.01    GO    TO    32 

FDNlll    =    0.00247    »    0.00124    •    OBH( I  1    ♦    0.00028 
10.00000521    •    SBAS    •    SBAS    -    0.0003905    •    08H(ll 
IF(FDN(|1     .LT.    0.01    FONII)    =    0.0 
FONd)    =    OENdl    •    d.O    -    F0N(I11 
MNK    =    FDNdl     ♦    0.5 
FONd)    =    MNK 
GO    TO    33 

32  F0N( I  1     =    DEN( I  1 

33  FBAIIl    =    0. 0354542    •    F0M(ll    »    FD"(I1    «    F0N(I1 
FHTd)    =    15.43021    ♦    1.137    •    HT((1    -    0.08637    « 

ISITE    -    0.02447    •    SITE    •    SBAS    /    ICO. 3 
02H    =    FDMCI     •    FDMdl     »    FHTdl 
IF(02H    .GT.    6000.31    GO    TO    34 
FVLIII     =     (0.00225    •    n2H    -    3.00374    •    FBAIIl     »    I 


SECTION    6    -    CUBIC    FEET    AS    BYPRnOUCT    OF    SAWLDG    CUT. 

60    ADO    =    VOL    •     (0.6180    ♦    26.7798    /    DBH(KI)    -    3.04034    •    VOL) 

ADO    =    TVQL    -    ADD 

IFIAOD  .LT.  COMCUIKAK))  ADD  =  O.C 

RETURN 
C 

C     SECTION    7    -    VOLUME     IF     THINNED    NOW    AND    IF     THINNED     IN    TIME    YEARS. 
C 

70  HTKIl     =    HTIKI)     »    7.64833    -    3.82286    •    ALOGIOIPRET) 
TEM     =     TBAdKl     /      (0.0054542     •     TDMIIK)     •     rnM(IKll 
02H    =    TOMIIKl     *    TDMIIKl*    HT ( K I  1 

IF(D2H    .GT.    6000.01    GO    TO    71 

TVLdKl     =     (0.00225    •    D2H    -    0.00074    .    TBAIIKI     .    0.037111    •     lEM 

GO    TO    72 

71  TVLdKl     =     (0.03247    •    02H    ♦    0.00130    •    TBAIIKI    -     1.40286)    •     TEM 

72  RETURN 
C 

C    SECTION    B    -    STATUS    AT    END    OF    PERIOD    IF    THINNEP    AT    START    OF    PERIOD. 
C 

80  J    =    TIME    /    RINT(KAK) 
00    83    1=1. J 

IF(TBA(11     .LE.    0.31    GO    TO    13 

HTIll    =    HTIll     ♦    7.64833    -    3.82286    •    ALnG10(SAVEl 

FDMdl     =    l.0097»TOM(  1  1»0.0096»SITE-1.5766»ALOG10(TBAI  11  )»3.3021 
FHTdl     =    15.43321    *    1.137    *    HTdl     -    0.08637    •    AGElKIl    -    304.12172 
1/       SITE    -    0.02447    •    SITE    »    TBA( 1 1    /    100.0 
MNK    =     (TBAdI    /    (0.0054542    '    TOMdl    •■    TOMdll)     »    0.5 
IF(TOM(l)     .LT.     10.0)    GO    TO    81 
FONdl     =    MNK 
GO    TO    92 

81  FONdl    =    0.00247    ♦    0.00124    •    TDM(11    ♦    0. 00028    •    rOMIll     «     TnM(ll     . 
10.00000521    •    TBAd)    »    TBAdl    -    0.0000905    •    TOMllI     •    TRAlll 

IFIFDNd)     .LT.    0.0)     FDNd)    =    0.0 
TEM    =    MNK 

NKM    =    TEM    •    (l.C    -    FON(l))    ♦    0.5 
FONd)     =     NKM 

82  FBAdl     =    FDN(l)     •    3.0054542    •    F0M(11    »    FDMIll 
TDM( 1 )      =     FnM( 1 ) 

TBAd)     =    FBAdl 

HTdl    =    FHTdl 

AGE(KII  =  AGEIKIl  »  3INTIKAK1 

83  CONTINUE 

D2H    =    FDMdl     •    FOMdl    •    FHT(11 

1F(02H    .GT.    6000.01    GO    TO    84 

FVLdl    =    (0.00225    •    r)2H    -    0.00074    •    FBAlll     »    0.037111    •    FDNd) 

GO    TO    85 

84  FVL(l)  =  (0.00247  •  D2H  »  3.00130  »  FBA(11  -  1.432861  •  FONdl 

85  RETURN 
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SECTION  9  -  HEIGHT  AND  VOLUME  BEFORE  THINNING. 

90  IFIAGEO  .GT.  55.01  GO  TO  91 

HTSO  =  0.01441  *  ACEn  •  SITE  -  3.12162  •  AGED  -  1.50953 
GO  TO  92 

91  HTSO  =  0.59947  -  61.5019  /  AGEO  »  C.B0522  •  ALOGlOISITEl  ♦  20.5252 
18  •  ALOGlOISITEl  /  AGEO 

HTSO  =  10.0  ••  HTSO 

92  HTSO  =  HTSO  ♦  HTCUM 

02H  =  DBHO  •  DPHO  •  hTSD 

IF(D2H  .GT.  6000.0)  GO  TO  93 

T0T3  =  (0.00225  •  02H  -  0.00074  .  BASO  ♦  0.037111  •  OENO 

GO  TO  94 

93  TOTO  =  (0.00247  •  02H  ♦  0.00130  •  8AS0  -  1.402861  •  OENO 

94  RETURN 

SECTION  10  -  HEIGHT  AND  TOTAL  CUBIC  FEET  PER  ACRE  AFTE»  THINNING. 

100  ADDHT  =  7.64833  -  3.82286  •  ALOGIOIPRETI 
HTCUH  =  HTCUM  •  ADDHT 
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HTST    =    HTSO    ♦    ADDHT  34    IFI3IE     .LT.    FD^4tm     niF     =     FONdl 

D2H    =    OBHT    »    DBHT    «    HTST  FIIN(I)     =    nENIII    •    (1.0    -    D1E| 

IFID2H    .GT.    6000.01    GO    TO    101  MNK    =    FONIII     ♦    0.5 

TOTT    =    (0.00225    «    02H    -    D.D007'.    •    BAST    »    0.037111    •    OENT  FDNKI)     =    mnk 

GO    TO    102  Ffl»(II     =    0.035'i5<.2    «    FnH(II     •    FD>1(I}    ♦    FnN(ll 

101  TOTT    =    (0.00247    »    02H    *    0.00130    •    BAST    -    1.402861     •    OENT  FHVd)     =    14. 57349    .    1.101    •    HT(I1    -    0.09654    •    AGE(I)    -    333.37172    / 

102  R6TURM  ISITE    -    0.04321    •    SITE    •    SBAS    /    100.0 

c  p:t  =  1.0  -  0.0021  •  DMRcii   »  DMR(n   ♦  dmixii 

C  SECTION  U  -  D.B.H.  AT  END  OF  PROJECTION  PERIOD.  CHNG  =  IFHT(l)  -  HT(I)I  »  PCT 

C  FHTd  )  =  HT(  I  I  ♦  CHNG 

110  0BH3  =  1.0097«OBHT  »  0.00<>6»SITE  -  1  .  5766»AL0G10(  B  AST  1  ♦  3.3021  n2H  =  FOMll)  •  FOMII)  •  FHTII) 

RETURN  IF(02H  .GT.  7000.01  GO  To  35 

C  FVL(I)  =  (0.00276  »  n2H  -  D. 00059  »  FBA(II  -  0.00577)  •  FON(I) 

C  SECTION  12  -  MORTALITY  AS  A  PFRCENTA&E  OF  INITIAL  DENSITY.  GO  TO  36 

C  35  FVL(I)  =  (0.00248  •  n2H  »  1.96336)  •  FDN(l) 

120  DENQ  =  0.00247  ♦  0.00124  •  OBHT  ♦  0.00026  •  OBHT  «  OBHT  »  0.000005  36  CONTINUE 

121  •  BAST  •  BAST  -  0.0000905  *  DPHT  •  BAST  RETURN 
RETURN                                                                    C 

FNO  C  SECTION  4  -  FUTURE  UNTHINNEO  UNOERSTORY  IF  OVERSTORY  REDUCED  NOM. 

C 

"^  II  1»  roil  line  I  IXJP  ''°    °"^^    '    0.2631  *  0.95287  «  DBH(2)  ♦  O.OOU  •  DBH(2)  ♦  SITE  ♦  16.465 

162  /  BAS(2) 

SUBROUTINE  LDGP  IF(DMR(2)  .LE.  3.9)  GO  TO  41 

C  TEM  -  (DMUS  -  0BH(2))  •  (1.0  -  (3.192  .  0HR(2)  -  0.754)) 

C  LOCATION  FOR  ALL  SPECIES  -  SPECIFIC  STATEMENTS  APPLICABLE  TO  LODGEPOLE  Q„y5  -  06H(21  t  TEM 

C  PINE  IN  COLO.  AND  HYO.  41  n i c  =  o.O 

C  IF(0EN(2)  .GT.  1000.0)  GO  TO  42 

COMMON  ADD,A5E(2).AGEOiBA(2),BAS( 21,BAS0,e»ST,BAUS.BFMRCH,BFVOL,  p,g  -  (3  81  •  DMR(2)  -  6  53)  ♦  0  01 

lCFV0L,0ATe(5)  tOBH(2).DBHE, DBHD, DBHT. DEN(2),DEN0, DENT, DMUS, FBA(2)  ,  IFOIE   l!  T   0  3)  DIE  =  o'o 

2FCTR(2)  ,FDM(2)  ,F0N(2)  ,FHT(2I  ,F0RETI19),FVLI  2),HT(  2),HTCUm,HTS3,  r_g  TO  43   '   ' 

3HTST,KAK,KN0,HIN,MNK,NBK,NCMP,NS  JB.NvJGP,  PDBHF.P^ET,  P^30(  2  )  .'(E  ST,  ^j  pig  =  |a  64  ♦  3  28  »  DMR(2II  »  0  01 

45AVE, SBARB,SBARE,S6ARG, SBAS, SITE, SLAND, TBAI2)  ,T0MI2)  , TEM, TIME  ,TMRR  ^-,  p^yj  ^  ^  '  j, 

5,TMPO,TOT(2),TOTn,TOTT,TVLI2),VD'l(2),>/LUS,nMR(2)  1F(0BHI2)  .GE.  10. D)  GO  TO  44 

COMMON  ABFAG(5.15),AC1NT(5),A0J(5),A&ETH|5,14),ALLCF(5,14),AL3WC(5  ^NOi    =  0.05285  -  0.01345  •  DBH(2)  <  0.00226  .  DBH(2>  •  DBH(2)  ♦  0. 

1),ALHBF(5),AMCAG(5,15),ANCJT(5.14),AREA(5,141,BDMAI(5),BFAGE(5,15)  10000065  »  BAS(2l  •  BAS(21  -  0.0031931  .  nBH(2)  .  B«S(2) 

2,BFInT(5)  ,CFAGE(5,15)  ,CF6F(  5,  14),cnMBF(5)  ,C0MCIJ(5)  ,Cu:y(5)  ,C1)INT(5  I  F  (  ONUS  .LT.  0.0)  ONUS  =  00 

3),:jMA1  (5)  ,DBHTH(5,14),0ELAY(5)  ,DENTH(5,  14),DLE\/(5)  ,FN8D(5),  ^^  IF(5I'=  .LT  'oNUSl  n|F  =  ONUS 

4FN:U(5)  ,GRnwB(5,2,l4)  ,GR0WC(5,2,14),&VL6FI5),GVLCU|  5),  INVLI5,3,  14)  p^jjj  ;  DeN(2)  •  (1  0  -  ONUS) 

5,NSI  (5  )  ,0PB0(5)  ,0PCu(  5)  ,PAIBO(  5)  ,  PAICUI  5  )  ,o00r  (  5)  ,9EGN(  5,  3,14)  ,  „^^    .    f^^^j^    ♦  ^  5 

5RINT(5)  ,SARSP|5)  ,SBF|  5),SHfLT(5,2,  14I,SHH0I5,2,  14)  ,SMC(5)  ,SMSPI5)  ,  D^,j5  .  „^,k 

7SUBBF  (5,14)  ,SUBCFI5,14),SUMCF(5)  ,SYST(5)  ,THIN(5),VLLV(5,3,  14)  ,  gjUS  =  0.0054542  •  O'lUS  «  DMUS  *  ONUS 

8WGNUM(5),WGPDES(5,20) ,WGPNM(5,3),SPNUMI5),TPfl(5,7),PASP(5,7)  HTUS  =  14.57349  .  1.101  •  HT ( 2 >  -  0.09554  »  AGE(2)  -  333.37172  /  S 

COMMON  ACBAR(7 l,ARRK( 7),BA«SIl7,  14),BFTH( 7,27),CMTh(  7,27)  ,CUTA(7,2  l,jg  .  q    04321  •  SITE  •  BAS(2)  /  100. 0 

17) ,:UTBI7,27) ,HELP(7, 27) ,NSBK(7] ,OPEN( 7,27),PBRSI 17,14) ,PDCFN(7,27  PC T  =  llo  -  0.0028  •  DMR ( 2 )  «  DMR(2)  •  0HR(21 

2)  ,P0CFR(7,27)  ,pSPLT(7,27)  ,PUNC(7,27),SAaETY(7,35)  ,SLVG(7,27)  ,SPLT(  (^^vj;  -  |hTUS  -  HTI2))  •  PCT 

37,27)  ,TMTY(7)  ,UNCML(7, 27)  ,PABR(7),PARTY(  7,35)  HTUS  =  HT(2)  «■  CHNG 

COMMON  ACFNL(5,7,15),ACRGN(5,7,  15),ACSI(  5,7,14)  ,ACSPI5,7)  ,GRBD(5,7  f,2H  =  DMUS  *  DMUS  »  HTUS 

1,15)  ,GRHCI5,7,15),PS(5,7, 14),STYP(35),TYPNM(35,5),PASI (5,7,14)  IF(D2H  .GT.  7000.0)  GO  TO  45 

C  VLUS  =  (0.00275  *  n2H  -  3.00059  »  BAUS  -  0.00577)  •  ONUS 

COMMON  /BLKD/  I  J  ,  I  K  ,  K  I  ,  VOL  ,  T  VOL  tVO  TO  46 

C  45  VLUS  =  (0.00248  •  D2H  ♦  1.95335)  •  ONUS 

00  TO  (10,20,30,40,50,50,70,80,93,100,110,120),  IJ  4(,  RETURN 

c  c 

C  SECTION  1  -  TOTAL  CUBIC  FOOT  VOLUME.  C  SECTION  5  -  NEW  D.B.H.  AFTER  THINNING. 

C  C 

10  D2H  =  DBHdKl  »  DBHdKI  *  HTIIK)  50  ifiprET  .LT.  50.3)  GO  TO  51 

IF(D2H  .GT.  7000.0)  GO  TO  11  OBHE  =  0.44222  •  1.03173  »  DBH3  -  3.00815  •  (PRET  -  50.0)  -  0.0000 

TOT(IK)  =  (-0.00577  -  0.30359  •  BASIIK)  *  0.00275  •  D2H]  •  DEN(IK)  1,  ,  ipret  -  50.0)  •  (PRET  -  50.0) 

GO  TO  12                                             .  GO  TO  52 

U  TOTdK)  =  (0.00248  t  D2H  *  1.963361  •  DEN(IK)          ,  5I  pD9HE  =  0.37321  -  3.17274  t    AL0G13(PRET)  »  0.79921  •  ALDGIOIDBHOI 

12  RETURN  1»  0.09315  •  AL0G13IPRET)  »  AL0G13(DBH0) 

C  DBHE  =  10.0  »•  PDBHE 

C  SECTION  2  -  VOLUME  CONVERSION  FACTORS.  52  RETURN 
C  MERCH.  :u.  FT.  -  TREES  6.0  INCHES  D.B.H.  AND  LARGER  T3  4-INCH  TOP.      q 

C  BD.  FT.  -  TREES  5.5  INCHES  D.B.H.  AND  LARGER  TO  6-lNCH  TOP.  ,;  SECTION  6  -  CUBIC  FEET  AS  BYPRODUCT  OF  SAHLOG  CUT. 

C  C 

20  00  21  J=l,2  50  ADD  =  VOL  •  (2.09342  »  2.98052  /  DBHIKI)  -  0.00542  •  VOL) 
FCTR(J)  -    0.0  JDO  =  TVOL  -  ADD 

21  PRODIJI  =  0.0  IFIAOD  .LT.  CnMCU(KAK))  ADD  =  0.3 
DO  25  1=1 ,KNO  RETURN 

IF(VOMd)  .LE.  4.99)  GO  TO  25  C 

IF(VOMII)      .GT.     6.7)     GO     TO     22  C     SECTION     7     -     VOLUME     IF     IHIN^4ED     NOW     AND     IF     THINNED     IN     TIME     YEARS. 

FCTRII)     =    0.31953    »    VOM(I)     -     1.42291  j 

GO    TO    24  70    HT(KI)     =    HT(KI)     t    5.79950    -    3.4U79    •    ALOGIOIPRETI 

22  IF(VDM(I)     .GT.    9.8)    GO    TO    23  TEM    =    TBA(IK)     /     (0.0054542    •    rDM(lK)     »    TDm(IKII 
FCTRd)     =     3.58255    -    0.14D07    *    VDMd)     -     13.54544    /    VDMII)  02H    ^    TDH(IK)     •    TDMdK)     •    HT  (  K  1  ) 

GO    TO    24  1F(D2H    .GT.     7000.0)     GO    TO    71 

23  FCTRd)    =    0.99503    -    0.58D18    /    VDM(I)  TVL(U)     =     (0.00275    •    02H    -    0.00059    «    TBAI(K)    -    0.00577)    •    TEH 

24  IFIVOHd)     .LE.    7.99)    GO    TO    26                                                                               '  GO    TO    72 

IF(VDHd)     .GT.    10.0)    GO    TO    25  71    TVL(IK)     =     (0.0G24B    «    02H    ♦    1.96336)    •    TEM 

PRODdl    =    0.00045    »    BA(I)     »    0.18391    •    VOM(I)    ♦    2.08874  72    RETURN 
GO    TO    26                                                                                                                                                            C 

25  PRODdl     =    0.16583    ♦    3.74174    »    AL3&1 0(  VDM  (  1  1  )  C     SECTION    8    -    STATUS    AT    END    OF     PERIOD    IF    THINNED    AT    START    3F    PERIOD. 
25    CONTINUE                                                                                                                                                             C 

RETURN  80      )     =     TIME     /     RINT(KAK) 

c  no    85    1  =  1,  J 

C    SECTION    3    -    GROWTH    FOR    NEXT    PERIOD.  IFITBAd)     .LE.    0.01    GO    13    85 

C  HT(1)     =     HTIl)     •     6.79953     -     3.41979     •     ALOGlOISAVEl 

30  03    35    1=1,2  FOM(l)    =    1.0222    •    TDM(l)     •    0.0151     »    SITE    -    1.2417    •    ALOGl 0( TRA (1  I ) 
TMDY    =    AGEdl    ♦    TIME  1    ♦    2.1450 

IFITMOY    .LT.     TEM)     GO    TO    35  IF(DMRd)     .LE.     3.9)     GO    TD    81 

IF(HT(I)     .LE.    0.0)    GO    TO    31  TEM    =    (FOM(l)     -    TOMIl))     •    (1.0    -    (3.192    «    DHR(11    -    0.75411 

FOMII)     =    0.2531    ♦    0.95287    *    nBH(l)     .    0.0C15    •    OBH(I)     «    SITE    ♦     16.4  FDH(l)     =    TDM(l)     ♦     TEM 

15552     /     SBAS  81     FHTll)     =     14.57349     ♦     1.131     •     HTIl)     -     0.09554     ♦     AGE(KI)     -     333.37172 

IFIDMRd)     .LE.    3.9)    GO    TO    31  1/    SHE    -    0.04321    '    SITE    •    TBAd)     /    IcO.O 

TEM    =    (FOMd)    -    DBHIII)     «    (1.0    -    (0.192    •    DMR(I)    -    0.754))  PCT    =    1.0    -    0.0028    •    DMRd)     •    DMRd)     •    DMR(l) 

FDMIII     =     OBH(I)     .     TEM  CHN3     =     (FHTll)     -     Hid))     •     PCT 

31  DIE    =    0.0  FHTd)    =    HT  d  )    .    CHNG 
IF(DENII)     .GT.     1000.0)    GO    TO    32  DIE    =    0.0 

DIE    =    13.81    •    DMRd)     -    5.53)    *    0.01  >TEM    =    TBAd)     /     10.0^-54542    •    TnMIl)    «    IDM(l))    .    0.5 

IFIOIE    .LT.    3.01    DIE    =    3.0  TEM    =    ITEM 

CO    TO    33  IFITEM    .GT.    1000.0)    GO    T3    82 

32  DIE    =    18.64    ♦    3.29    •    DMRID)    .    O.Cl  DIE    =     '3-81    •    DMRd)     -    5.53)     •    0.01 

33  FDNd)    =    O.G  IFOIE    .LT.    0.0)    DIE    =    0.3 
IFIOBHd)     .GE.     13.0)    GO    TO    34  ^.O    TO    83 

FDNd)    =    0.05285    -    0.01345    »    DBH(  I  )    •    3.00225    •    OBHd)    •    DBH(I)    •  82    DIE    =    (8.54    ♦    3.28    •    DMR(l))    •    0.01 

10.0000056    •    SBAS    •     SPAS    -    3.0001931    •    DBH(  I  )     •    SBAS  P''    FONd)     =      '.0 

IFIFDNdl     .LT.    0.0)     FDNd)     =    0.0  1  '"  5     =     (TRA(l)     /     C^. 005454?    .    1 0".  (1  )     •    I  DM  I  1  )  )  )     ♦    0.5 
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THE    •    ITRE 

IF(T0M(1I     .GE.    10.0)    CO    TO    tt<. 

FOnUI     =    0.05285    -    O.OU«S    •    FOHdl    ♦    0.00226    •    rO»(U    •    TDH(l>    ♦ 
10.00000(>6    •    TBKll     •    TBAIl)    -    O.D001<)}1    •    TDS(l)    •    TBAdI 
IFIFDNdl     .LT.    O.DI    FO^I(ll    =    0.0 

84  IF<01E     .LT.     FONllll     niE     =    F ON tl I 
FDnIII     =    TRt    •    11.0    -    OIEI 

HNK    =    FDN(l)     ♦    0.5 

FOSCl)     =    HNK 

FB»(1I    =    FDNIl)    »    0.005'.5'.2    •    Fn>i(l)     •    FOM(l) 

TOHI 1)     =    FO«l 1 1 

T8»lll     =    FBAdl 

HT( l)     =    FHTI I ) 

»GE(KI)       =    tOEIKd    ♦    RINTIK&KI 

85  CONTINUE 

02H    =    FOM(l)     •    FOHdl     •    FHTdl 

IFI02H    .GT.    7000.01    GO    TO    86 

FvLdI    '     (0.00276    •    n2H    -    0.00059    •    FBA<  U    -    0.00577)    «    FDN(1I 

GO    TO    87 

86  FVLdI     =    (0.002'.a    •    n2H    ♦    1.963361    •    FONIll 

87  RETURN 

SECTION  9  -  HEIGHT  AND  VOLUME  BEFORE  THINNINu. 

90  IF(AGEO  .GT.  *5.0I  GO  TO  91 

HTS3  =  3.66111  -  0.05979  •  AGEO  »  0.01215  •  AGED  »  SITE 
GO  TO  92 

91  HTSO  =  0.33<i01  -  33.2B66  /  AGEO  »  &.92K.1  •  ALOGIO(SITE)  ♦  6.27811 
l»  ALOGIOISITEI  /  AGEO 

HTSO  =  10. 0  ••  HTSO 

92  HTSO  =  HTSO  »  HTCUM 

D2H  '^  OBHO  •  OBHO  •  HTSO 

IF1D2H  .GT.  7000.0)  GO  TO  93 

TOTO  -    10.00276  •  02H  -  0.00059  •  BASO  -  0.005771  •  OENO 

GO  TO  9« 

93  TOTO  =  I0.002<.9  •  n2H  ♦  1.96336)  •  DENO 

94  RETURN 

SECTION  10  -  HEIGHT  AND  TOTAL  CUBIC  FEFT  PER  ACRE  AFTER  THINNING. 

100  AODHT  =  6.799S  -  3.41979  •  ALOGIOIPRETI 
HTCUM  =  HTCUM  ♦  AOOHT 

HIST  =  HTSO  •  AOOHT 

02H  --    OBhT  •  OBHI  •  HTST 

IF1D2H  .GT.  7O00.0)  GO  TO  101 

TOTT  =  (0.00276  •  D2H  -  0. 00059  •  BAST  -  0.005771  •  DENT 

GO  TO  102 

101  TOTT  =  (0.0024B  •  D2h  »  1.96335)  •  OENT 

102  RETURN 


C  SECTION  11  -  D.B.H.  AT  FND  OF  PROJECTION  PERIOD. 
C 

110  OBhO  =  1.0222*OBHT  »  0.3151»S1TE  -  1 .  2<.l  7«ALOG10(  PAST  )  »  2.1450 
RETURN 
C 

C  SECTION  12  -  MORTALITY  AS  A  PERCENTAGE  OF  INITIAL  DENSITY. 
C 

120  DEN3  =  0.05285  -  D.013<.6  •  OBHT  »  0.00226  »  OBHT  ♦  OBHT  ♦  0.000006 
16  •  BAST  •  BAST  -  0.00D1131  •  DBhT  •  BAST 
RETURN 
ENO 

Subroutine   SWIM' 


SUBROUTINE  SWPP 

LOCATION  FOR  ALL  SPECIES  -  SPECIFIC  STATEMENTS  APPLICABLE 
PINE  IN  ARIZONA  AND  NEW  MEXICO. 


TO  PONOEROSA 


COMMON 
ICFVOL.D 
2FCTR(2I 
3HTST,KA 
4SAVC.SB 
5,TMP0,T 

COMMON 

D.alhBf 

2tBFINT 

3),CUHAI 

iFNCUlS) 

5,NS1 15) 

6RINT{5I 

7SUBBF15 

8WGNUM(5 

COMMON 
171 ,:uTB 
2) ,PDCFR 
37,27) , 

COMMON 
1.151 ,GR 


AD0.AGE(2) .AGE 
ATEI6) ,DBH(2I, 
F0MI2) .FDN(2) 
K.KNO.MIN.MNK, 
ARB.SBARE.SBAR 
OT (21 .TOTO. TOT 
ABFAG(5, 15). AC 
(5).AMCAG(5.15 
5) ,CFAGE(5,15) 
(5) ,08HTH15,14 
.GR0MB(5,2.14) 
.OP8o(5l .OPCUI 
,SARSP(5) ,SBF( 
,1'.),SUBCF(5,  1 
).WCPOES15,20) 
ACBAR(7) ,ARBK( 
(7.27) ,HELPI7, 
(7,27) ,PSPLr(7 
HTY(7) ,UNCML17 
ACFNL(5,7,15) . 
MC(5.7,15) ,PS( 


0,BA(2 

OBHE.O 

,FHr(2 

NBK.N 

G.SBAS 

T,TVL( 

INT(  51 

I.ANCJ 

,CFBF( 

).DElA 

,GR3WC 

5).PAI 

5),  SHE 

4). SUM 

■KGPNM 

7) ,BAR 

2TI .NS 

,27)  ,P 

.27)  ,P 

ACRjNI 

5,7,  14 


),6AS( 
BHO, OB 
.FORE 
MP.NSJ 
.SITE, 

2)  ,vnM 

,ADJ( 5 

T(5,14 

5,14) 

Y15).D 

(5,2.1 

RDI5 ) . 

LT(5,? 

CF(5), 

15.)). 

Sl(7,  1 

BK( 7)  , 

UNCI  7, 

A8R( 7) 

5,7,15 

) .STyp 


2),  PA 

Hr,nE 

1(10) 
B.NMG 

Slano 

(2) 
).AGE 
)  .ARE 
COMBF 
ENTh( 
4),&« 
PAICU 
14), 
SYSTI 
SPNUM 
4)  ,PF 
OPEN( 
?7),S 
,PARI 
)  ,ACS 
(35), 


SO. BASI.B 
N( 2). DENO 
,FVL(21 .H 
P,PDBHE,P 
.TBAI 2). I 
LJS,0M3(2 
TH(  <,,  14) 
A(5,14), 
( 5),C0MCU 
5,14),DLE 
LPF 151, GV 
(5),PII0R( 
ShjO(5,2, 
5).THINI5 
( 5] ,IPP ( 5 
TH(7,27), 
7,  27),p(l9 
ASETYI 7,3 
Y( 7,35) 
1(5,7,14) 
IYPNM( 35, 


BFMJCH.BFVOL, 
NT,DMUS.F8A(2) , 
). HTCUM. HTSO, 
,P-IOD(  2  ),REST, 
2). TEM, TIM: ,TM3R 

CF(5,14),AL0HC(5 
I(5),BFAGE(5,15) 
,CUCY(5)  .CUINKS 
) .FNBD( 5) . 
I5),INVL(5,3,14) 
RE5N(5, 3,14), 

SMC(5) .SMSP(5). 
LLV(5.3,14) , 
.P'.SP(5.7) 
HI  7,27) ,CUTA( 7,2 
7, l4),PDrFN(7,27 
SLVG(7,27) ,SPLT( 


,ACSP(5,7),GRB0(5,7 
5),PSSI( 5, 7,14) 


COMMON  /BLKO/  1 J,IK,KI ,VOL.TVOL 

GO  TO  (10t20.30.40,59.60,T3,80,9D, 10C.11C,1201,  Ij 
SECTION  1  -  TOTAL  CUBIC  FOOT  WOLUHC. 

10  D2H  '  DSHdKI  •  DBHIIK)  •  HT(IK) 
IFIOZH  .GT.  5000.0)  GO  To  11 

TOTdK)  =  (0.53313  »  0.00033  »  BaSdK)  ♦  0.00179  •  02HI  •  OENdK) 
GO  TO  12 

11  TOT(IK)  I  10.00237  •  BASIK)  ♦  0.0:211  •  D2H  -  I.C93561  •  DENdK) 

12  RETURN 

SECTION  2  -  VOLUME  CONVERSION  FACTORS. 

MERCH.  CU.  FT.  -  TREES  6.0  INCHES  O.B.H.  AND  LARGE'  TO  4-InCH  TOP. 

80.  FT.  -  TREES  10.0  INCHES  D.B.H.  AND  LARGER  TO  VARIABLE  TOP  LI^IT. 


20  DO  21  J=1.2 
FCTRCJI  «  0.0 

21  PROO(J)  =  0.0 
00  26  1=1, KNO 

1F(VDM(I)  .LE.  4.99)  GO  TO  25 
IF(VOM(I)  .GT.  5.5)  GO  TO  22 
FCT»(I)  =  0.25222  •  VDMIIl  -  1.01119 
GO  TO  24 

22  IF(VDHd)  .GT.  10.0)  GO  TO  23 

ECTRd)    •    3.02485    -    0.09957    •    VDM(I)     -    11.35614    /    VDMII) 
GO    TO    24 

23  FCTRII)     =    1.03936    -    1.41034    /    VDM(I) 

24  IFIVDM(I)     .LE.    7.99)     GO    TO    26 
IFI VDH( I )     .GT.    11.5)    GO    TO    25 

PROO(I)    -    0.0028    »    BA(I)    •    0.04355    •    VDMII)    ♦    VDMII)    -    2.78325 
GO    TO    25 

25  PRDDIl)    =    0.93943    •    0.20531    •    VDm(I) 

26  CONTINUE 
RETURN 

SECTION    3    -    GROWTH    FOR    NEXT    PERIOD. 

30  00  35  1=1,2 

TMDY  =  AGE( I )  ♦  TIME 
IFITMDY  .LT.  TEM)  GO  TO  35 
IFIHTI I )  .LE.  0.0)  GO  TO  31 

FOMII)  =  0.88511  *  OBHd)  t    1.29735  »  ALOGIOI HT I  I  )  )  ♦  0.00119  • 
1D8HII)  »  SITE  »  62.37174  /  SBAS  -  1.55975 
IFIDMRd  )  .LE.  3.5)  GO  TO  31 

TEM  =  (FDM(I)  -  OBHII))  »  (1.3  -  (0.056  »  DMR(I1  -  0.197)) 
FOM( I )  =  DBH( I )  t  TEM 

31  DIE  =  0.0 

IFIDMRd  )  .LT.  1.0)  GO  TO  32 

DIE  =  20.55469  .  4.42271  •  DMRIl)  -  0.36374  •  SITE  *  3.87613  • 
lALOGlOIDENI I ) ) 
DIE  =  DIE  »  0.01 
IFOIE  .LT.  0.01  DIE  =  0.3 

32  FONI I )  =  0.3 

IFIDBH(I)  .GE.  10.0)  GO  TO  33 

FONd)  =  0.00247  .  0.00124  •  DBHII)  »  0.00026  •  DBHII)  •  OBHII)  ♦ 
10.30000521  •  SBAS  •  SBAS  -  0.0003935  •  DBHII)  •  SBAS 
IFIFONd)  .LT.  0.3)  FDNII)  =  0.0 

33  IFIOIE  .LT.  FDN(l))  DIE  =  FONd) 
FDN( I )  =  DENI I )  •  (1.0  -  DIE) 
HNK  =  FON(I)  »  0.5 

FONI I)  -  MNK 

FBA(I)    =    0.0054542    •    FOMII)     •    FOMII)     •    FDMI) 

FHTII)    =    15.43321    •    1.137    •    HTII)    -    0.08637    •    AGEIII    -     3^4.12172    / 
ISITE    -    0.02447    •    SITE    •    SBAS    /    130.3 
PCT    =    1.0    -    0.0002    *    DMRd)     »    OMRIII     •    DMRII) 
CHNG    =    (FHT(II    -    HT(I))    •    PCT 
FHTd  )    =    HTII  )    »    CHNG 
D2H    =    FDMII)     »    FOMII)    •    FHTII) 
IFID2H    .GT.    5000.01    GO    TO    34 

FVL(I)    =    (0.53313    *    0.00033    •    FBAII)    ♦    0.00179    •    02H)    »    FONd) 
GO    TO    35 

34  FVLd)     =    10.00237    «    FBAII)    ♦    0.03211    »    D2H    -    1.093561     «    FDNII) 

35  CONTINUE 
RETURN 

SECTION  4  -  FUTURE  UNTHINNED  UNDERSTORY  IF  OVERSTORY  REDUCED  NOW. 

40  DMUS  =  0.88511  •  DBHI2)  »  1.29735  •  ALOGIOI HT 1 2 ) )  •  0.00119  •  OBHI 
12)  •  SITE  »  52.37174  /  BAS(2)  -  1.56975 

IFIDHRI2I  .LE.  3.5)  GO  TO  41 

TEM  =  (DMUS  -  DBH(2))  •  (1.0  -  (0.056  •  DMR(2]  -  C.197)) 

DMUS  =  DBHI2)  ♦  TEM 

41  DIE  =  0.0 

IF(DMR(2)  .LT.  1.3)  GO  TO  42 

DIE    =    20.66459    ♦    4.42271    •    DHR ( 2 )    -    0.36374    •    SITE    ♦    3.87613    • 
1AL0310(DEN(2) ) 
DIE    =    DIE    •    0.01 
IFOIE    .lT.    O.D)    die    =    3.3 

42  ONUS    =    0.0 

IF(DBH(2)     .GE.    10.0)    GO    TO    43 

ONUS  =  0.00247  ♦  0.00124  •  nBHI2)  »  0.00028  •  DBH(2)  •  0BH(2)  ♦ 
10.30000521  •  BAS(2)  »  eAS(2)  -  0.0000905  •  DBHI2)  »  3ASt2) 
IFIONUS  .LT.  0.0)  ONUS  =  0.0 

43  IFIOIE  .LT.  ONUS)  DIE  =  ONUS 
ONUS  =  DENI2)  •  11.0  -  ONUS) 
MNK  =  ONUS  »  0.5 

ONUS  =  MNK 

BAUS  =  0.0054542  «  DMUS  •  DMuS  •  ONUS 

HIUS  >  15.43321  «  1.107  •  HI12)  -  3.08637  •  AGEI2)  -  304.12172  / 
ISITE  -  0.02447  •  SITE  »  BASI2)  /  100.0 
PCT  =  l.D  -  0.0002  •  DMRI2)  •  DMR(2)  •  DMR(2) 
CHNG  =  IhTUS  -  HTI2) )  •  PCT 
HTUS  =  HTI2)  ♦  CHNG' 
D2H  =  ONUS  •  DMUS  •  HTUS 
IF(D2H  .GT.  5000.0)  GO  TO  44 

VLUS  -  10.53313  ♦  0.00033  •  BAUS  ♦  3.00179  •  02H)  •  ONUS 
GO  TO  45 

44  VLuS  =  10.30237  •  BAUS  »  3.03211  •  02H  -  1.09355)  •  ONUS 

45  RETURN 

SECTION  5  -  NEW  D.B.H.  AFTER  THINNING. 

53  IFIPRET  .LT.  50.0)  GO  TO  51 

DBHE  =  0.73365  ♦  1.02008  *  OBHO  -  0.01107  •  IPRET  -  50.0)  -  O.OOCl 
14  •  (PRET  -  50.0)  •  (PRET  -  50.3) 
GO  TO  52 

51  PDBHE  =  0.49401  *    0.71893  •  ALOGlOIOeHO)  -  0.22530  •  ALOGIOIPRET) 
1  »  0.12616  •  ALOGIOIDBHO)  •  ALOGIOIPRET) 

08HE  =  10.0  ••  PDBHE 

52  RETURN 

SECTION  5  -  CUBIC  H^J    AS  BYPRODUCT  OF  SAHLOG  CUT. 


44 


60  ADD  »  VOL  •  (1.*0315  ♦  10.2<.272  /  DBH(K1)1 
ADO  =  TVOL  -  ADD 

IF(ADO  .LT.  COMCUIKAK))  ADO  =  O.D 

RETURN 
C 

C  SECTION  7  -  VOLUME  IF  THINNED  NOW  AND  IF  THINNED  IN  T I  HE  YEARS. 
C 

70  HTIKII  =  HTIKl)  ♦  7.64833  -  3.822R6  •  4LDG10IPRETI 
TEH  =  TBAIIKI  /  I0.00545<.2  *  TOMIIK)  •  TnM(IK)l 
02H  =  TOMIIKI  «  TOMIIK)  •  HTIKII 

IFID2H  .ST.  5000.01  GO  TO  71 

TVL(IK)    =     10.53313    ♦    0.03033    •    TBAMK]    *    0.00179    •    02H)    «     TEH 

GO    TO    72 

71  TVLIIKI  =  10.00237  •  TBAIIK}  »  0.00211  •  D2H  -  1.0<'356l  »  TEM 

72  RETURN 
C 

C  SECTION  8  -  STATUS  AT  END  OF  PfRInD  IF  THIN>4ED  AT  START  OF  PERIOD. 
C 

80  J  =  TIME  /  RINTIKAK ) 

DO  84  I =1  .J 

IFITBAIl)  .LE.  O.D!  GO  TO  34 

HTllI  =  HTIll  »  7.64833  -  3.82286  »  4L0G101SAVEI 

FDMIl)  =  1.0097  •  TDHIll  *  0.0096  »  SITE  -  1.5766  •  AL OG 1 0 1 TB A(  1  I  1 
1  *  3.3021 

IFIDMRII)  .LE.  3.5)  GO  10  81 

TEM  =  IFDMdl  -  TDMID)  »  (l.o  -  (P. 056  •  DMRIl)  -  0.197)) 

FDMIl)  =  ■TOMIl)  ♦  TEH 

61  FHTIl)  =  15.43021  •  1.107  •  HTll)  -  0.06637  «  4GEIKI)  -  304.12172 
1  /  SITE  -  0.02447  •  SITE  »  TBAIl)  /  100.0 

PCT  =  1.0  -  0.0002  »  DMRIl)  •  OMRIl)  «  OMR(l) 
CHN3  =  IFHTIl)  -  HTU  ))  •  PCT 
FHTI II  =  HTIll  ♦  CHNG 
ni=  =  0.0 

IFIDHRIl I  .LT.  1.0  1  GO  TO  82 

ITEM    =    TBAIl)     /     10.0054542    •    TDMIl)    •    TDHIDl     ♦    0.5 
TEM    =    ITEM 

DIE  =  20.66469  »  4.42271  •  OHRIl)  -  0.36374  •  SITE  ♦  3.87613  • 
1ALO310ITEHI 
DIE  =  DIE  •  0.01 
IFIOIE  .LT.  0.0)  DIE  =  0.3 

82  FDNIll  =  3.0 

ITRE  =  ITBAIl)  /  10.0054542  •  TDMIll  •  TOHIl)))  ♦  0.5 
TRE  =  ITRE 

IFITOMIll  .GE.  10.31  GO  TO  83 

FDNIl)  =  0.00247  ♦  0.00124  •  TDHIl)  •  0.00328  •  TDMIll  >  TDMIl)  ♦ 
10.00000521  •  TRAIll  •  TBAIl)  -  0.0000905  *  TOHIi)  •  TBA(l) 
IFIFONIll  .LT.  0.0)  FDNIll  =  0.0 

83  IFIOlE  .LT.  FDNIll)  DIE  =  FDNIl) 
FDNIl)  =  TRE  *  11.0  -  DIE) 

HNK  =  FDNIl)  ♦  0.5 

FDNIl)  =  HNK 

FBAIl)  =  FDNIl)  «  3.0054542  «  FD1I1I  •  FDMIl) 


TOMIl)  =  FDMIl) 

TBAI 1)  =  FBAI 1 ) 

HTll)  =  FHTI  1  I 

AGE  IM  I  =  AGE  IKl  1   .  R  INI  (  KAKI 

84  CONTINUE 

n2H  =  FOHI I )  •  FDMI II  •  FHTIl) 

IFI02H  .GT.  5030.0)  GO  TO  85 

FVLIl)     =     10.53313    •    0.33333    •    FBAin     ♦    0.00179    •    D2H]    •    FUNIll 

GO  ru  86 

85  FVLIll  =  10.00237  •  FBAIl)  «  0.03211  •  D2H  -  1.09356)  »  FDNIll 

86  RETURN 
C 

C  SECTION  9  -  HEIGHT  AND  VOLUME  BEFORE  THINNING. 
C 

90  IFIAGEO  .GT.  55.01  GO  10  91 

HTSO  =  0.01441  •  AGEO  »  SUE  -  0.12162  •  AGEO  -  1.50953 

GO  TO  92 

91  HTSO  -  0.59947  -  61.5019  /  AGEO  »  0.80522  •  ALOGIOISITE)  »  20.5252 
18  »  ALOGIOISITE)  /  AGEO 

HTSO  =  10.0  ••  HTSO 

92  HTSO  =  HTSO  •  HTCUH 

D2H  =  DBHO  •  DBHO  •  HTSO 

IFI02H  .GT.  5000.01  GO  TO  93 

TQTD  =  10.53313  ♦  3.00033  •  BASD  «  0.00179  »  n2H)  »  DENO 

GO  TO  94 

93  TOTO  =  10.00237  *  BASO  •  0.0C211  •  D2H  -  1.09356)  •  DENO 

94  RETURN 
C 

C  SECTION  10  -  HEIGHT  AND  rOT«L  CUBIC  FEET  PER  ACRE  AFTER  THINNING. 
C 

100  AOOHT  =  7.64R33  -  3.82286  •  ALOGIOIPRET) 
HTCUH  =  HTCUM  *  AODHT 

HTST  =  HTSO  *    AODHT 

02H  =  DBHT  •  DBHT  •  HTST 

IFID2H  .GT.  5000.31  GO  TO  101 

TOTT  =  10.53313  *  0.00333  *  BAST  *  0.00179  •  D2H]  •  OENT 

GO  TO  102 

101  TOTT  =  (0.00237  t     BAST  t  0.00211  •  D2H  -  1.09356)  •  OENT 

102  RETUkN 


SECTION  11  -  O.B.H.  AT  END  OF  PROJECTION  PERIOD. 

110  DBHO  =  1.0097»DRHT  t  0.0095*SITE  -  1 . 5766* AL OGl 0  I B AS T I  »  3.3021 

RETURN 

SECTION  12  -  MORTALITY  A^  A  PERCENTAGE  OF  INITIAL  DENSITY. 

120  DENO  =  0.03247  ♦  0. 00124  »  DBhT  .  0.00028  •  DBHT  •  DBHT  ♦  0.000035 

121  •  BAST  »  BAST  -  0.0033935  •  DBHT  •  BAST 
RETURN 
ENO 
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APPENDIX   2 
An  Application  of  TEVAP2 


An  example  of  what  TEVAP2  can  do  is 
provided  by  the  hypothetical  situation  described 
below  and  by  reproductions  of  the  computer 
records  produced.  The  test  forest,  the  mythical 
Bogus  National  Forest,  is  managed  as  one  work- 
ing circle.  The  working  circle  is  subdivided  into 
three  blocks  on  the  basis  of  topography,  trans- 
portation system,  and  distribution  of  wood-using 
plants.  Total  areas  of  each  block,  interior  tracts 
of  other  ownership,  high-use  recreation  areas, 
and  so  forth,  are  known.  The  forest  has  not  yet 
been  subdivided  into  compartments;  theAREA2 
option  of  TEVAP2  is  appUcable. 

Numerous  decisions  have  been  made  con- 
cerning management  objectives  and  how  they 
may  be  attained.  Past  records  of  the  forest  and 
silvicultural  characteristics  of  each  species  were 
considered  during  the  planning  process.  Deci- 
sionmaking was  assisted  by  computer  simulation 
of  forest  activities  (Myers  1973).  The  effects  of 
changes  in  rotation  length  and  other  variables 
subject  to  control  were  examined.  It  was  decided 
that  the  controls  listed  below  would  apply  to 
timber  management  on  the  working  circle.  These 
controls  are  not  recommendations  for  manage- 
ment of  the  species  named;  they  are  intended 
only  to  show  the  variability  possible  with 
TEVAP2.  Controls  applicable  to  any  specific 
area  and  management  objectives  can  be  deter- 
mined (Myers  1971,  Myers  1973). 


Working  groups. 

a.  Ponderosa  1  — Ponderosa  pine  under 
two-cut  shelterwood  in  remote  areas  of  the 
forest. 

b.  Ponderosa  2  — Ponderosa  pine  under 
three-cut  shelterwood  where  recreation  use  is 
heavy. 

c.  Lodgepole  — Lodgepole  pine  clearcut  in 
small  patches  with  natural  regeneration  from 
serotinous  cones. 


Rotations. 

a.  Ponderosa  1  —  110  years,  with  final 
felling  age  of  130  years. 

b.  Ponderosa  2  —  110  years,  with  final 
felhng  age  of  140  years,  for  all  sites  except  that 
site  40  will  be  90  years  with  final  felling  age  of 
120  years. 

c.  Lodgepole  — 120  years. 


Thinning. 

a.  Ponderosa  1  — Initial  thinning  at  age  30 
to  level  120.  Subsequent  thinnings  at  20-year 
intervals  to  level  100. 

b.  Ponderosa  2  — Initial  thinning  at  age  30 
to  level  110.  Subsequent  thinnings  at  20-year 
intervals  to  level  90. 

c.  Lodgepole  —  Initial  thinning  at  age  30  to 
level  110.  Subsequent  thinnings  at  30-year  inter- 
vals to  level  100. 


Minimum  site  class   to   be   managed  for  wood 
products. 

a.  Ponderosa  1  — Site  index  50. 

b.  Ponderosa  2  — Site  index  40. 

c.  Lodgepole  —  Site  index  50. 

Several  decisions  provided  as  inputs  to  the 
program  are  recorded  on  page  type  4  of  the 
output  reproduced  below.  Other  input  data  are 
recorded  on  pages  of  types  1,  8,  and  11. 

An  inventory  of  the  timber  resource  and 
analysis  of  the  data  were  completed  5  years 
ago.  At  that  time,  summary  cards  with  the 
items  specified  for  data  card  type  9  were 
punched.  The  inventory  file  has  increased  annu- 
ally through  addition  of  records  that  describe 
thinning  jobs,  fires,  and  other  changes  affecting 
tracts  of  known  area.  The  inventory  file  now 
consists  of  251  records,  104  of  which  are  job 
and  similar  reports;  147  sample  "unknown"  parts 
of  the  working  circle.  All  inventory  records  are 
updated  to  a  common  time  base  annually  (ap- 
pendix 4). 

Land  books  and  other  records  provide  the 
total  number  of  acres  in  each  block  and  the 
area  occupied  by  nonforest  vegetative  and  use 
types  28  to  33,  inclusive.  These  acreages  are 
recorded  on  pages  type  5  and  6  of  the  output. 

The  situation  described  requires  that  data 
cards  of  all  types  except  11  through  16  be  used. 

Output  pages  reproduced  below  are  in  the 
order  in  which  they  might  appear  in  a  manage- 
ment plan,  not  in  the  order  printed.  For 
brevity,  only  two  sheets  each  of  pages  type  8, 
9,  and  10  are  reproduced.  Complete  output  would 
include  several  sheets  of  each  of  these  types, 
one  for  each  site  index  class  of  each  working 
group.  Examples  of  pages  produced  with  the 
other  area  options  and  with  card  types  11 
through  16  appear  in  appendix  3. 
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A  management  guide  can  be  produced  annu-  central  processor  time  was  16  2  seconds  for 

ally,  or  more  frequently,  for  distribution  to  ap-  execution.  The  vast  saving  of  time  and  money 

propnate  land  managers  and  staff.  The  example  over  conventional  methods  of  plan  preparation 

below  required  91.0  seconds  of  central  processor  certainly  should  permit  a  timber  manager  to 

time  for  compilation  and  execution.  After  con-  have  an  updated  management  plan  whenever 

verting  the  source  program  to  a  binary  deck,  he  wants  one. 

P4GE  TYPE  1 

GUIPE  FOR  fANAGEf'ENT  BOGUS  NATIONAL  FOREST 

BASED  ON  DATA  CURRENT  TO  JANUARY  1,  19T, 

THE  WORKING  CIRCLE  CONSISTS  OF  88<.981.l  ACRES.  OF  THESE,  837181. T  ACRES  ARE  OwMEO  BY  U.S.  AND  '.77'59.<.  4CRES  ARE  INTERIOR 
TRACTS  OF  OTHER  OWNERSHIP.  OUR  AREA  INCLUDES  693717.3  TIMBERED  ACRES,  110838.2  PLANTABLE  ACRES,  16397.6  ACRES  MANAGED  AS 
RANGE.  AND  6911.1  ACRES  OF  HIGH  RECREATION  USE  WHERE  TIMBER  YIELDS  ARE  INCIDENTAL  AND  NOT  REGULATED.  SEE  PAGE  TYPE  5,  6,  7, 
AND  1*  FOR  AREA  CLASSIFICATION. 

THE  TIMBER  RESOURCE  OF  THIS  WORKIf.  CIRCLE  WILL  BE  MANAGED  AS  FOLLOWS- 

PONDERCSA  1  -  TWO  -  CUT  SHELTERwOOD  WITH  20-YEAR  REGENERATION  PERIOD. 

PQNOERCSA  2  -  THREE  -  CUT  SHELTERWOOD  WITH  30-YEAR  REGFNERATIQN  PERIOD. 

LODGEPOLE  -  CLEARCUTTING  SMALL  AREAS,  SEEDING  FROM  SLASH. 

REGULATION  OF  THE  CLT  WILL  BE  BY  AREA  WITH  A  VCLUME  CHECK. 

WITH  THE  DECISIONS  AND  AREAS  CN  PAGES  TYPE  <•  AND  11  AND  WITH  BALANCED  DISTRIBUTION  OF  AGE  CLASSES,  ALLOWABLE  ANNUAL  CUT  WnuLD 
BE  AS  FOLLOWS- 

HUNDREDS  OF 
ACRES       -  CU.  FT.  M  BD.  FT. 

RcGENERATICN  CUTS 

PONDEROSA  1  2988.2  0.0  28294.'. 

PONDERCSA  2  •         7695.*  0.0  47770.7 

LODGEPOLE  'iS'i.'i  0.0  8564.2 

FINAL  REMOVAL  CUTS 

PONDERCSA  1  2988.2  0.0  27507.4 

PONDEROSA  2  3847.7  0.0  19852.0 

LODGEPOLE  0.0  0.0  0.0 

INTERMEDIATE  CUTS 

PONDEROSA  1  11952.8  \  23217.5  5345.9 

PONDEROSA  2  14460.7  '  16116.5  7772.6 

LODGFPCLE  1363.1  773.3  4139.8 

TCTAL  FOR  CNE  YEAR 

PONDEROSA  1  17929.1  23217.5  61147.8 

PONDEROSA  2  26003.9  16116.5  75395.3 

LODGEPOLE  1817.5  773.3  12704.0 

TOTAL  ALL  GROUPS  45750.5  401C7.3  149247.1 

TOTAL  ALL  GROUPS  DCES  NOT  INCLUDE  DEFERRED  GROUPS.  IF  PRESENT. 


PAGE  TYPE  1,  CONT. 

ONLY  COMMERCIAL  VOLUMES  ARE  INCLUDED  IN  THE  TABLES  OF  PAGE  TYPE  1.  CUTS  ARE  ASSIGNED  TO  BOARD  FOOT  TOTALS  IF  POSSIBLE.  THEY 
APPEAR  IN  CUBIC-FOOT  TOTALS  ONLY  WHEN  COMMERCIAL  SAWLOG  CUTS  ARE  NOT  POSSIBLE.  AREAS  OF  INTERMEDIATE  CUTS  INCLUDE  ACREAGE  OF 
NONCOMMERCIAL  SHOWN  ON  PAGE  TYPE  2. 

ACTUAL  VOLUMFS  CUT  DURING  THE  NExT  PERIOD  COUl C  BE  AS  SHOWN  ON  PAGES  TYPE  2  IF  ALL  POSSIBLE  CULTURAL  OPERATIONS,  AS  INDICATED 
BY  WORK  CODES,  WERE  PERFORMED.  POTENTIAL  ANNUAL  CUTS  WOULD  THEN  BE — 

HUNDREDS  OF 
ACRES  CU.  FT.  M  BD.  FT. 

REGENERATION  CUTS 

PONDEROSA  1  6226.0  29253.9  73149.3 

PONDERCSA  2  5566.4  18871.4  43419.3 

LODGEPOLE  447.4  0.0  7012.4 

FINAL  REMOVAL  CUTS 

PONDERCSA  1  2600.9  32.1  4738.2 

PONDEROSA  2  5494.1  3269.4  31464.6 

LODGEPOLE  0.0  0.0  0.0 

INTERMEDIATE  CUTS 

PONDEROSA  1  13527.3  42761.9  3368.5 

PONDEROSA  2  17632.3  22869.9  15422.3 

LODGEPOLE  2357.7  9536.6  10187.5 

TCTAL  FOR  CNE  YEAR 

PONDEROSA  1  22354.2  72048.0  81256.0 

PONDERCSA  2  29592.8  45C10.7  903J6.1 

LODGEPOLE  2805.1  9536.6  17200.0 

TOTAL  ALL  GROUPS  54852.2  125595.4  188762.1 

4  7 


PAGE  TYPE  I,  CONT. 
THE  FIRST  TABLE,  ABOVE.  REPRESENTS  YIELDS  FROH  AREA  REGULATION  WHEN  VOLUME  AM)  AREA  GOALS  HAVE  BEEN  ATTAINED. 

THE  SECOND  TABLE  CAN  REPRESENT  AREA  REGULATION  IF- 

(1)  VOLUME  AND  AREA  GOALS  HAVE  NOT  BEEN  ATTAINED 

(2)  WORK  CODING  IS  SUCH  THAT  THE  AREA  VALUES  OF  THE  SECOND  TABLE  EQUAL  AREAS  OF  THE  FlkST  TABLE. 

IF  NEITHER  OF  THESE  ALTERNATIVES  APPLY,  YIELDS  FROM  AREA  REGULATION  WILL  BE  AS  FOLLOWS- 


HUNDREDS  OF 
ACRES  CU.  FT.  M  BD.  FT. 


REGENERATICN  CUTS 


PONOEROSA  I  2988.2  1^1040.6  35108.3 

PONDEROSA  2  76<)S.<,  26089.3  60C26.2 

LODGEPCLE  '.54.'.  0.0  7120.9 

FINAL  REMOVAL  CUTS 

PONDEROSA  1  2988.2  36.9  S'.'.l.B 

PONDFROSA  2  3847.7  1937.1  18642. S 

LODGEPOLE  0.0  0.0  0.0 

INTERMEDIATE  CUTS 

PONOEROSA  1  11952.8  52795.5  4158.9 

PONOEROSA  2  14460.7  43604.1  29404.3 

LODGEPOLE  1363.1  4337.0  4633.0 

TCTAL  FOR  ONE  YEAR 

PONOEROSA  1  17929.1  66873.0  44711.0 

PONOEROSA  2  26003.9  71630.5  108073.0 

LODGEPCLE  1817.5  4337.0  11753.9 

TCTAL  ALL  GROUPS  45750.5  142840.5  164537.9 


PAGE  TYPE  I,  CONT. 

FORMULA  COMPUTATION  OF  ALLOWABLE  ANNUAL  CUT.  CUBIC-FOOT  VOLUMES  INCLUDE  SAWLOG  TREES- 

HEYER  FORMULA  WITH  M.A.I.  FROM  OPTIMUM  YIELD  TABLES  AND  COMPUTED  GROWING  STOCKS 

ADJUSTMENT  HUNDREDS  OF 

PERIOD  CU.  FT.  M  BD.  FT. 

PONDEROSA  1  30.0  141303.9  46849.7 

PONDEROSA  2  30.0  123034.8  52369.7 

LODGEPOLE  30.0  55601.2  22980.0 

TOTAL  319939.9  122199.5 

MEAN  ANNUAL  INCREMENTS  USED  TO  OBTAIN  THE  RESULTS  TABULATED  ABOVE 

ADJUSTMENT  HUNDREDS  OF 

PERIOD  CU.  FT.  M  BO.  FT. 

PONDEROSA  1  30.0  153849.4  62386.7 

PONOEROSA  2  30.0  183169.6  75746.3 

LODGEPOLE  30.0  29323.4  12704.0 

FORMULA  COMPUTATIONS  ARE  BASED  ON  VOLUME  AND  AREA  COMPUTATIONS  SUMMARIZED  ON  OTHER  PAGES.  VOLUME  GOALS  ARE  ON  PAGES  TYPE 
4,  8,  9,  10,  AND  11.  ACTUAL  AREAS  AND  VOLUMES  ARE  ON  PAGES  TYPE  6,  7,  13,  AND  14,  CUBIC  VOLUMES  INCLUDE  ALL  TREES  LARGER 
AND  OLDER  THAN  MINIMUM  LIMITS  FOR  INCLUSION  IN  GROWING  STOCK  VOLUME. 

STANDS  SELECTED  FOR  HARVEST  AND  REGENERATION  WILL  INCLUDE  THOSE  CLASSED  AS  WORK  INDEX  4,  5,  OR  6.  IT  IS  EXPECTED  THAT  NEARLY 
EOuAL  AREAS  WILL  BE  CUT  ANNUALLY  IN  STANDS  OF  EACH  SITE  CLASS.  IF  THIS  IS  NOT  DESIRABLE,  FACTORS  THAT  INDICATE  RELATIVE  VOLUME 
PRODUCTION  (PAGE  TYPE  12)  MAY  BE  USED  FOR  AREA  ADJUSTMENTS. 

IF  WORK  IS  DONE  DURING  NExT  PERIOD  AS  SPECIFIED  BY  WORK  INDEXES,  PERIODIC  ANNUAL  INCREMENTS  WILL  BE- 

HUNDREDS  OF 

CU.  FT.  M  BD.  FT. 

PONDEROSA  1  205554.6  83532.8 

PONDEROSA  2  165101.4  57266.2 

LODGEPOLE  39320.2  18864.7 
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PAGE  TYPE  2 

POTENTIAL  WORK  LOAD  AND  YIELDS  FOR  NEXT  PERIOD 
BOGUS  NATIONAL  FOREST 


ACRES  OF  COMMERCIAL  THINNING  DURING  NEXT  PERIOD 


1  0.0                   0.0              I'.SBO.T  25657.5  0.0  *0188.2 

2  0.0               72*7.6              18036.7  7136.5  0.0  32i,20.8 

3  0.0                   0.0                   0.0  0.0  0.0  0.0 

3TAL                   0.0               72*7.6              32567.*  3279*. 0  0.0  72609.0 

HUNDREDS  OF  CU.  FT.  REMOVED  BY  THINNING 


1  0.0  0.0  116079.7  122260.1  0.0  238339.7 

2  0.0  *12**.0  115856.0  32179.6  0.0  189279.6 

3  0.0  0.0  0.0  0.0  0.0  0.0 


M  BD.  FT.  REMOVED  BY  THINNING 


1  0.0  0.0  0.0  33685.0  0.0  33685.0 

2  0*0  0.0  0.0  0.0  0.0  0.0 

3  0.0  0.0  0.0  0.0  0.0  0.0 


PAGE  TYPE  2 


M  60.  FT.  TO  BE  HARVESTED  BY  REGENERATION  CUTS 


1  0.0  0.0  0.0  270723.*  200067.3  *70790.7 

2  0.0  0.0  0.0  1530*3.8  107658.3  260702.1 

3  0.0  0.0  0.0  0.0  0.0  0.0 


HUNDREDS  OF  CU .  FT.  FROM  REGENERATION  CUTS 

BLOCK              TYPE  1               TYPE  2               TYPE  3  TYPE  *  TYPE  5  TOTAL 

1  0.0                   0.0                   0.0  65682.1  97*35.5  163117.6 

2  0.0                  0.0                623.6  65590.3  63207.5  129*21.5 

3  0.0                  0.0                   0.0  0.0                  0.0  0.0 


M  BD.  FT.  TO  BE  HARVESTED  BY  FINAL  REMOVAL  OF  OVERHOOO 

BLOCK              TYPE  1               TYPE  2               TYPE  3               TYPE  *  TYPE  5  TOTAL 

1  0.0               3839.6                  0.0              1**93.7               1079.5  19*12.7 

2  0.0                  0.0                   0.0               2098.1  25871.*  27969.5 

3  0.0                  0.0                   0.0                   0.0                  0.0  0.0 
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PAGE  TYPE  2 


HUNDREDS  OF  CU.  FT.  FROM  FINAL  CUTS 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 

321.* 

0.0 


0.0 
0.0 
0.0 


0.0 

321.4 

0.0 


TYPE  1 


ACRES  OF  NONCQWWERCIAL  THINNING  DURING  NEXT  PERIOD 


8.9 

515.6 

0.0 


29172.5 

7176. S 

0.0 


7287.6 
l'.<.86.2 

0.0 


3719.3 
191.2 

0.0 


106.7 

0.0 
0.0 


'.0295.0 

22359.5 

0.0 


3910.5 


PAGE  TYPE  2 


POTENTIAL  WORK  LOAD  AND  YIELDS  FOR  NEXT  PERIOD 
BOGUS  NATIONAL  FOREST 


ACRES  OF  COMHERCIAL  THINNING  DURING  NEXT  PERIOD 


0.0 
0.0 
0.0 


0.0 

0.0 

9277.3 


0.0 

0.0 

27832.0 


TYPE  9 

TYPE  10 

0.0 

0.0 

0.0 

0.0 

1855*. 7 

0.0 

ISSS*.? 

O.D 

0.0 

0.0 

5556*. 1 


HUNDREDS  OF  CU.  FT.  REMOVED  BY  THINNING 


BLOCK 

1 

Z 
3 


0.0 
0.0 

0.0 

0.0 


0.0 

0.0 

29262.5 


0.0 

0.0 

1*9685.1 


TYPE  9 

TYPE 

10 

TOTAL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

*9750.5 

0.0 

228699.1 

*9750.5 

0.0 

228699.1 

M  BD.  FT.  REMOVED  BY  THINNING 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 

0.0 

35938.* 


TYPE  9 

TYPE  10 

0.0 

0.0 

0.0 

0.0 

11728*. 2 

0.0 

11728*. 2 

0.0 

0.0 

0.0 

15*222.5 


50 


0 

0 

27885 

0 
0 
3 

27885 

3 

P»Gb  TYPE  2 


M  BD.  FT.  TO  BE  HARVESTED  BY  REGENERATION  CUTS 


1  0.0  0.0 

2  0.0  0.0 

3  0.0  0.0 


8 

TYPE  9 

TYPE  10 

TOTAL 

0.0 
0.0 
0.0 

0.0 

0.0 

393751.6 

0.0 

0.0 

'>0'>'.1.5 

0.0 

0.0 

'.34193.1 

0.0 

393751.6 

<.0'K.1.5 

'.3'.iq3.1 

HUNDREDS  OF  CU.  FT.  FROM  REGENERATION  CUTS 


1  0.0  0.0  0.0 

2  0.0  0.0  0.0 

3  0.0  0.0  0.0 


TYPE  9 

TYPE  10 

TOTAL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

162320.2 

26393.6 

188713.8 

162320.2 

26393.6 

188713.8 

M  BD.  FT.  TO  BE  HARVESTED  BY  FINAL  REMOVAL  OF  OVERWOOD 


1  0.0  0.0  0.0 

2  -0.0  0.0  0.0 

3  -0.0  0.0  0.0 


TYPE  9 

TYPE  10 

TOTAL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

159386.7 

155258.9 

31'.6*5.6 

159386.7 

155258.9 

314545.6 

PAGE  TYPE  2 


HUNDREDS  OF  CU .  FT.  FROM  FINAL  CUTS 


1  0.0  0.0  0.0  0.0  0.0  0.0 

2  0.0  0.0  0.0  0.0  0.0  0.0 

3  0.0  0.0  0.0  32694.4  0.0  32694.4 


TYPE  9 

TYPE  10 

0.0 

0.0 

0.0 

0.0 

32694.4 

0.0 

32694.4 

0.0 

ACRES    OF    NONCOMMERCIAL    THINNING    DURING    NEXT    PERIOD 


1  0.0  0.0  0.0 

2  0.0  0.0  0.0 

3  27885.3  27832.0  46386.7 


TYPE 

! 

0 

0 

27832 

0 
0 
0 

27832 

0 

TYPE  9 

TYPE 

10 

TOTAL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

18554.7 

0.0 

120658.8 

18554.7 

0.0 

120558. B 
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TOTAL 


0.0 


PAGE  TYPE  2 


POTENTUL  WORK  LOAD  AND  YIELDS  FOR  NEXT  PERIOD 
BOGUS  NATIONAL  FOREST 


ACRES  OF  COMMERCIAL  THINNING  DURING  NEXT  PERIOD 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 

1070*. 7 

0.0 


0.0 

0.0 

9277.3 


0.0 
0.0 
0.0 


0.0 

1070^.7 

9277.} 


HUNDREDS  OF  CU.  FT.  REMOVED  BY  THINNING 


BLOCK 

1 

2 
3 

TOTAL 


TYPE  11 

TYPE 

12 

TYPE  13 

0.0 

0.0 

0.0 

0.0 

0.0 

95366.'. 

0.0 

0.0 

0.0 

0.0 

0.0 

95366.* 

0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 

95366.* 

0.0 


M  BD.  FT.  REMOVED  BY  THINNING 


BLOCK 

1 
2 
3 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 
26976.6 

0.0 


TYPE  1* 

TYPE  15 

0.0 

0.0 

0.0 

0.0 

7*899.2 

0.0 

7*899.2 

0.0 

0. 
26976. 
7*899. 

.0 
,6 
.2 

101875. 

,8 
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M  BO.  FT.  TO  BE  HARVESTED  BY  REGENERATION  CUTS 


BLOCK 

1 

2 
3 

TOTAL 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


TYPE  I* 

TYPE  15 

53030.* 

0.0 

17093.7 

0.0 

0.0 

0.0 

7012*. 1 

0.0 

53030.* 
17093.7 

0.0 


ACRES  OF  NONCOMMERCIAL  THINNING  DURING  NEXT  PERIOD 


0.0 
0.0 
0.0 


26.7 

3568.2 

0.0 


0.0 
0.0 
0.0 


1* 

TYPE  15 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

26.7 

3568.2 

0.0 
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PACE  TYPE  3 


AGE 

CLASS 

10 

20 

30 

".O 

50 

60 

70 

80 

90 

100 

110 

120 

130 

I'.O 

150 


COMPARISON  OF  ACTUAL  GROWING  STOCK  WITH  GROWING  STOCK  GOAL 
BOGUS  NATIONAL  FOREST 


WORKING  GROUP  -  PONDEROSA  1 
THOUSANDS  OF  BOARD  FEET  IN  TREES  OF  COMMERCIAL  SIZE. 


ACTUAL  GROWING 
STOCK 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

219.1 

23320.2 

2<.18'..8 

72120.8 

130731.9 

168771.6 

350634.5 

145023.6 

290<.72.7 

1205'i79.1 


GROWING    STOCK 
GOAL 

0.0 
0.0 
0.0 
0.0 

0.0 

19470.8 

90747.8 

177367.8 

271217.4 

308331.7 

369272.1 

187971.4 

247209.1 

0.0 

0.0 

1671588.1 


VOLUME 
DIFFERENCE 

0.0 

0.0 

0.0 

0.0 

0.0 

-19470.8 

-90528.7 

-154047.6 

-247032.6 

-236210.9 

-238540.2 

-19199.8 

103425.4 

145023.6 

290472.7 

-466109.0 


STATUS  OF 
ACTUAL  VOLUME 

CORRECT 
CORRECT 
CORRECT 
CORRECT 
CORRECT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
SURPLUS 
SURPLUS 
SURPLUS 


HUNDREDS  OF  MERCH.  CUBIC  FEET  IN  TREES  6.0  INCHES  D.B.H.  AND  LARGER 


AGE 
CLASS 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 


ACTUAL  GROWING 
STOCK 

0.0 

0.0 

0.0 

209.1 

134741.1 

111286.5 

207221.9 

328000.1 

249216.2 

305525.6 

685867.1 

484648.6 

1093866.7 

362886.8 

881757.3 

4845227.1 


GROWING  STOCK 
GOAL 

0.0 

0.0 

3662.8 

113878.5 

275738.6 

401473.9 

563672.9 

626607.6 

774133.4 

766770.7 

858922.5 

374654.1 

462076.5 

0.0 

0.0 


VOLUME 
DIFFERENCE 

0.0 

0.0 

-3662.8 

-113669.5 

-140997.5 

-290187.4 

-356451.0 

-298607.4 

-524917.2 

-461245.1 

-173055.3 

109994.5 

631790.2 

362886.8 

881757.3 

-376364.4 


STATUS  OF 
ACTUAL  VOLUME 

CORRECT 
CORRECT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
SURPLUS 
SURPLUS 
SURPLUS 
SURPLUS 


5  3 


PAGE  TYPE  J 


COMPARISON  OF  ACTUAL  GROWING  STOCK  yITH  GROWING  STOCK  GOAL 
BOGUS  NATIONAL  FOREST 


WORKING  CROUP  -  PONDEROSA  2 
THOUSANDS  OF  BOARD  FEET  IN  TREES  OF  COMMERCIAL  SIZE. 


AGE 

ACTUAL  GROWING 

GROWING  STOCK 

CLASS 

STOCK 

GOAL 

10 

0.0 

0.0 

20 

0.0 

0.0 

30 

0.0 

0.0 

40 

0.0 

0.0 

50 

0.0 

0.0 

60 

0.0 

2T79<..2 

70 

0.0 

108007.8 

80 

0.0 

211736.2 

90 

31733.0 

31'.599.1 

100 

39'.51.6 

336589.9 

110 

105308.3 

407927. <. 

120 

308808.7 

245997.8 

130 

'.20828.4 

264554.7 

140 

256587.7 

1504U.O 

150 

203603.3 

0.0 

TOTAL 

1366321.2 

2067618.0 

VOLUME 

STATUS  OF 

DIFFERENCE 

ACTUAL  VOLUME 

0.0 

CORRECT 

0.0 

CORRECT 

0.0 

CORRECT 

0.0 

CORRECT 

0.0 

CORRECT 

-27794.2 

DEFICIT 

-108007.8 

DEFICIT 

-211736.2 

DEFICIT 

-282866.0 

DEFICIT 

-297138.2 

DEFICIT 

-302619.1 

DEFICIT 

62810.9 

SURPLUS 

156273.7 

SURPLUS 

106176.  8 

SURPLUS 

203603.3 

SURPLUS 

-701296. R 

HUNDREDS  OF  MERCH.  CUBIC  FEET  IN  TREES  6.0  INCHES  O.B.H.  AND  LARGER 


ACE 

ACTUAL  GROWING 

GROWING  STOCK 

CLASS 

STOCK 

GOAL 

10 

0.0 

0.0 

20 

0.0 

0.0 

30 

0.0 

5586.2 

40 

0.0 

144902.5 

50 

123739.9 

330913.0 

60 

2B16.4 

457168.1 

70 

96511.2 

6468  13.8 

SO 

84675.3 

710038.9 

90 

304873.8 

879182.0 

100 

229096.0 

793915.2 

110 

477047.5 

901361.7 

120 

811752.2 

478292.8 

130 

1113655.1 

484954.9 

140 

521462.8 

248656.7 

150 

512111.1 

0.0 

TOTAL 

4277741.5 

6081785.8 

VOLUME 
DIFFERENCE 

0.0 

0.0 

-5586.2 

-144902.5 

-207173.1 

-454351.7 

-550307.6 

-625363.6 

-574308.1 

-564819.2 

-424314.2 

333459.4 

628700.2 

272806.1 

512111.1 

-1804044.4 


STATUS  OF 
ACTUAL  VOLUME 

CORRECT 
CORRECT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICI T 
DEFICIT 
DEFICIT 
DEFICIT 
SURPLUS 
SURPLUS 
SURPLUS 
SURPLUS 
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PAGE  TYPE  3 


COMPARISON  OF  ACTUAL  GROWING  STOCK  WITH  GROWING  STOCK  GOAL 
BOGUS  NATIONAL  FOREST 


WORKING  GROUP  -  LOOGEPOLE 


AGE 
CLASS 

10 

20 

30 

'.O 

50 

60 

70 

80 

90 

100 

110 

120 

130 

1<.0 

150 


THOUSANDS 

OF    BOARD    FEET 

ACTUAL    GROWING 

GROWING    STOCK 

STOCK 

GOAL 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

105.0 

0.0 

0.0 

23858.2 

0.0 

43095.9 

0.0 

60423.7 

0.0 

74457.7 

65706.0 

64740.7 

3'.527*.6 

79091.9 

19<,711  .9 

0.0 

203.8 

0.0 

*79<.7.6 

0.0 

0.0 

0.0 

6539<.9.0 

345668.1 

VOLUHE 
DIFFERENCE 

0.0 

0.0 

0.0 

0.0 

105.0 

-23858.2 

-43095.9 

-60423.7 

-74457.7 

965.3 

266182.7 

194711.9 

203.8 

47947.6 

0.0 

308280.9 


STATUS  OF 
ACTUAL  VOLUME 

CORRECT 
CORRECT 
CORRECT 
CORRECT 
SURPLUS 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
SURPLUS 
SURPLUS 
SURPLUS 
SURPLUS 
SURPLUS 
CORRECT 


HUNDREDS  OF  MERCH.  CUBIC  FEET  IN  TREES  6.0  INCHES  D.B.H.  AND  LARGER 


AGE 

ACTUAL    GROWING 

CLASS 

STOCK 

10 

0.0 

20 

0.0 

30 

0.0 

40 

0.0 

50 

511.3 

60 

82026.8 

70 

291.1 

80 

108525.3 

90 

0.0 

100 

152405.2 

no 

822671.8 

120 

458983.8 

130 

459.0 

140 

107975.3 

150 

0.0 

TOTAL 

1733849.5 

GROWING  STOCK 
GOAL 

0.0 

0.0 

1210.9 

30259.4 

66211.1 

103965.8 

107232.3 

143638.5 

173918.7 

145383.9 

173694.5 

0.0 

0.0 

0.0 

0.0 

945515.1 


VOLUME 
DIFFERENCE 

0.0 

0.0 

-1210.9 

-30259.4 

-65699.8 

-21939.1 

-106941.2 

-35113.2 

-173918.7 

7021.3 

648977.3 

458983.8 

459.0 

107975.3 

0.0 

788334.3 


STATUS    OF 
ACTUAL    VOLUME 

CORRECT 
CORRECT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
DEFICIT 
SURPLUS 
SURPLUS 
SURPLUS 
SURPLUS 
SURPLUS 
CORRECT 


PAGE  TYPE  4 


RECORD  OF  MANAGEMENT  DECISIONS  AND  CURRENT  CONDITIONS 
BOGUS  NATIONAL  FOREST 


NUMBER    OF    BLOCKS    -       3 

MINIMUM  AGE  FOR  GROWING  STOCK  -  30 

MINIMUM  H  BD.  FT.  FOR  GROWING  STOCK  -   1.5 


NUMBER  OF  COMPARTMENTS  -    0 
NUMBER  OF  WORKING  GROUPS  -    3 
LENGTH  OF  PLANNING  PERIOD,  YEARS 


LOWEST  SITE  CLASS  TO  8E  MANAGED 
LENGTH  OF  CUTTING  CYCLE,  YEARS 
LENGTH  OF  ADJUSTMENT  PERIOD,  YEARS 
EXPECTED  DELAY  IN  REGENERATION,  YEARS 
STOCKING  LEVEL  FOR  INITIAL  THINNING 
STOCKING  LEVEL,  SUBSEQUENT  THINNINGS 
MINIMUM  COMMERCIAL  CUT,  H  BD.  FT. 
MINIMUM  COMMERCIAL  CUT,  CU.  FT. 
LENGTH  OF  PREDICTION  PERIOD,  YEARS 


♦  -...--..--WORKING     GROUP 
PONDEROSA  I     PONDEROSA  2     LODGEPOLE 


50.0 

20.0 

30.0 

0.0 

120.0 

100.0 

1.0 

2.4 

10.0 


40.0 

50.0 

20.0 

30.0 

30.0 

30.0 

0.0 

10.0 

110. 0 

110.0 

90.0 

100.0 

1.0 

1.5 

2.4 

2.4 

10.0 

10.0 

CUBIC  FEET  IN  HUNDREDS. 


55 


PAGE     TYPE    5 


AREAS    OF    TYPES     IN    WORKnG    CIRCLE 
BOGUS    NATIONAL    FOREST 


COVER 

TYPE 

ACRES 

>       COVER  TYPE 

1 

PPl 

0-30 

26008.7 

>     16 

2 

PPl 

31-50 

'.7591.3 

>      17 

3 

PPl 

51-100 

90885.6 

«      18 

•• 

PPl 

101-<.0 

I137*'i.l 

>     19 

5 

PPl 

1*1* 

32807.'. 

>     20 

6 

PP2 

0-30 

65297.0     ' 

>     21 

7 

PP2 

31-50 

37109. "i 

>     22 

8 

PP2 

51-100 

83*96.1 

>     23 

9 

PP2 

10l-<.0 

120605.5 

'     2* 

10 

PP2 

1*1* 

27832.0 

25 

U 

LGP 

0-30 

36*3.7     < 

12 

LGP 

31-50 

3603.8     < 

IJ 

LGP 

51-100 

107*'.. 7     < 

1* 

LGP 

lOl-'.O 

303*7.7     < 

15 

LGP 

m* 

0.0     < 

S       < 

>       COVER  TYPE 

ACRES 

0.0     < 

'     26 

DEFOREST-B 

3D152.7 

0.0     < 

«     27 

DEFOREST-G 

80585.5 

0.1             < 

28 

RFCREATION 

6911.1 

0.0     < 

29 

BARREN 

581.6 

0.0     < 

30 

BRUSHLAND 

3390.2 

0.0     < 

31 

RAMGE-HERB 

16397.6 

0.0     < 

32 

PRIVATE 

*7799.* 

0.0     < 

33 

RI3HIS/WAY 

53*5.7 

0.0     < 

3* 

0.0 

0.0     < 

35 

0.0 

TOTAL  AREA 


>*•«•••«•••»«•»   ACRES  BY  WORKING  GROUPS   »»•••»•♦••»•»♦• 


PONOERQSA  1 
311037.2 


PONDEROSA  2 
33*3*0.2 


LDDGEPQLE 
*83*C.O 


DEFORESTED  ACRES 


PAGE  TYPE  6 


TOTAL  AREAS  OF  BLOCKS  AND  WORKING  CIRCLE 
BOGUS  NATIONAL  FOREST 


BLOCK 
NO. 


TOTAL 
ACRES 


•  PLANTABLE  ACRES  FOREST  SOIL  • 
BRUSHY       GRASSY  TOTAL 


•»••••••  FOREST  AND  REGENERATING  BY  WORKING  GROUPS  »•»»••••» 

PONDEROSA  1   PONDEROSA  2   LOOGEPOLE 


11*77.9       *066.0       155**. 0 


0.0        1D993.5 


208389.3 


8*. 5       11205.9       11291.* 


1528B7.9 


0.0        18778.* 


18590.3      65*12.5      8*002. 


0.0      33*3*0.2        1856B.0 


30152.7       B0685.5      110838.2 


311037.2       13*3*0.2        *63*0.0 
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PAGE  TYPE  7 


DISTRIBUTION  OF  AREA  BY  SITE  INDEX  CLASS 
BOGUS  NATIONAL  FOREST 


SITE  INDEX 


10 

20 

30 

*0 

50 

60 

70 

80 

90 

100 

110 

120 

130 

1«0 


10 

20 

30 

40 

50 

60 

TO 

80 

90 

100 

110 

120 

130 

140 


DEFORESTED  ACRES 


0.0 

0.0 

0.0 

7*07.5 

4292.6 

38'.3.8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


0. 

0. 

0. 

0. 

7278. 

222. 

3790. 

0. 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


PONDEROSA  I 

PONDEROSA  2 

LOOGEPOLE 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

58842.8 

0.0 

40.0 

69782.9 

0.0 

3674.8 

29523.6 

0.0 

7278.7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

79385.5 

0.0 

3568.2 

55181.3 

0.0 

7229.8 

18321.0 

0.0 

7980.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

PAGE  TYPE  7.C0NT., 


ITE  INDEX 

DEFORESTED  ACRES 

PONDEROSA  1 

PONDEROSA  2 

LOOGEPOLE 

10 

0.0 

0.0 

0.0 

0.0 

20 

0.0 

0.0 

0.0 

0.0 

30 

0.0 

0.0 

9277.3 

0.0 

40 

0.0 

0.0 

83713.9 

0.0 

50 

37198.3 

0.0 

74218.8 

0.0 

60 

28072.0 

0.0 

102108.6 

0.0 

70 

18732.5 

0.0 

65021.4 

18568.0 

80 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

100 

0.0 

0.0 

0.0 

0.0 

110 

0.0 

0.0 

0.0 

O.Q 

120 

0.0 

0.0 

0.0 

0.0 

130 

0.0 

0.0 

0.0 

0.0 

140 

0.0 

0.0 

0.0 

0.0 
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PAGE  TYPE  U 

GROWING  STOCK  GOALS  FOR  WORKING  CIRCLE 
WORKING  GROUP  -  PONOEROSA  1 
BOGUS  NATIONAL  FOREST 


SITE  CLASS 


ROTATION 

CU.  FT.  TO 

CU.  FT.  TO 

M  BO.  FT 

ABO\/E 

AGE 

BD.  FT.  LIMI T 

ROTATION  AGE 

BO.  FT. 

LIMIT 

50. 

l*872<..* 

110. 

60. 

12B756.2 

110. 

TO. 

51220.5 

110. 

TOTALS 

335627.1 

31l'.64. 
2758<tl. 
113520. 

700825. 


1957760. 
219<.825. 
1069007. 
5221592. 


569556. 

722268. 

37976"^. 

1571588. 


CUBIC  FEET  IN  HUNDREDS.  TOTAL  AREA  INCLUDES  ANY  LOW  SITE  ACRES  INCORRECTLY  CLASSED  AS  OPERABLE  TYPES. 


PAGE  TYPE  12 

CONi^ERSION  OF  AREAS  TO  STANDARD  ACRES 
WORKING  GROUP  -  PONDERISA  1 
BOGUS  NATIONAL  FOREST 


SITE 

INDEX 

CLASS 


50. 
60. 
70. 


TOTAL  YIELD 

ACRES 

PER  ACRE 

IN  SITE 

M  BO.  FT. 

CLASS 

15.2 

l<.872<..'i 

23.3 

128756.2 

28.6 

51220.5 

REDUCTION 
FACTOR 


.65251 

i.ooooo 

1.22523 


AREA  I\l 

STANDARD 

ACRES 


970'.'..  1 

128756.2 

62755.6 


EOUIVaLENT  Df 

STANDARD  ACRE 
IN  SITE  ACRES 


1.53^5li 

l.DOODD 
.81618 


SITF 

INDEX 

CLASS 


TOTAL  YIELD 

PER  ACRE 

CU.  FT. 


ACRES 
IN  SITE 
CLASS 


REDUCTION 
FACTOR 


AREA  IN 

STANDARD 

ACRES 


EOUIVALENT  OF 
STANDARD  ACRE 
IN  SITE  ACRES 


50. 

60. 
70. 


4111.0 
5558.0 
5956.0 


l'i872<..4 

128756.2 

51220.5 


.73833 
1.00000 
1.24928 


109307.1 

128755.? 

63988.8 


1.35'.<.l 

1.03303 
.B00<>5 
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STAND 

BASAL 

4GE 

TREES 

AREA 

(YEARS) 

NO. 

SO.  FT 

30. 

950 

119 

30. 

".17 

7<. 

'•O. 

413 

104 

50. 

406 

131 

SO. 

215 

85 

60. 

21* 

105 

70. 

213 

126 

70. 

132 

90 

80. 

132 

107 

90. 

132 

124 

90. 

85 

90 

100. 

85 

103 

no. 

85 

1'.6 

110. 

27 

45 

120. 

27 

53 

130. 

27 

61 

130. 

9 

24 

PAGE  TYPE  8 

YIELDS  PER  ACRE  OF  MANAGED,  EVEN-AGED  STANDS  BASED  ON  PREDETERMINED  STANDARDS  FOR 

SITE  INDEX   70.,   20. -YEAR  CUTTING  CYCLE 

THINNING  LEVELS-  INITIAL  -   110.,  SUBSEQUENT  -    90. 

WORKING  GROUP  -  PONOEROSA  2 

ENTIRE  STAND  BEFORE  AND  AFTER  THINNING  PERIODIC  CUT  AND  MORTALITY 

AVERAGE   AVERAGE    TOTAL 
D.B.H.    HEIGHT   VOLUME 
IN.        FT.     CU.  FT. 

4.8 
5.7 


7.7 

8.5 


10.4 
U.2 


13.1 
13.9 


15.8 
17.5 


20.4 
22.0 


25 

1188 

26 

799 

35 

1502 

44 

2370 

45 

1568 

51 

2221 

58 

3043 

59 

2240 

65 

2969 

69 

3722 

70 

2737 

74 

3355 

78 

3975 

80 

1593 

83 

1960 

86 

2341 

87 

928 

ROHAN T- 
E  VOLUME 
U.  FT. 

SAWTIMBER 

VOLUME 
M  BD.  FT. 

TREES 

NO. 

BASAL 

AREA 

SQ.  FT. 

TOTAL 
VOLUME 
CU.  FT. 

MERCHANT- 
ABLE VOLUME 
CU.  FT. 

SAWTIMBER 

VOLUME 
H  BD.  FT. 

312. 
312. 

0.000 
0.000 

533 

45 

389 

0. 

0.000 

1020. 

0.000 

1900. 
1364. 

1.160 
1.160 

191 

46 

802 

536. 

0.000 

2034. 

3.900 

2829. 
2098. 

8.150 
7.050 

81 

36 

803 

731. 

1.100 

2796. 

10.820 

3519. 
2596. 

14.800 
11.380 

47 

34 

985 

923. 

3.420 

3193. 

14.980 

3794. 
1527. 

18.780 
7.960 

58 

71 

2382 

2257. 

10.820 

1884. 

10.460 

2256. 
896. 

13.180 
5.440 

18 

37 

1*13 

1360. 

7.740 

1102. 

7.080 

TOTAL  YIELDS 

7912 

6919. 

30.160 

MINIMUM  CUTS  FOR  INCLUSION  IN  TOTAL  YIELDS —   240.  CUBIC  FEET  AND   1000.  BOARD  FEET 
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PAGE  TYPE  9 

GROWING  STOCK  OF  MANAGED.  REGULATED,  EVEN-AGEO  STANDS 

SITE  INDEX   TO..   20. -YEAR  CUTTING  CYCLE 

DENSITY  LEVEL-  IIO.  AND   90. 

WORKING  GROUP  -  PONDEROSA  2 

VOLUMES  PRESENT  PER  ACRE  AT  END  OF  EACH  YEAR 

MERCHANTABLE  CUBIC  FEET 
YEAR 


0 

0.0 

0, 

.0 

0.0 

0. 

,0 

0. 

.0 

0. 

,0 

0.0 

0. 

.0 

0.0 

0. 

,0 

1 

0.0 

0. 

.0 

0.0 

0. 

.0 

0, 

.0 

0. 

0 

0.0 

0. 

.0 

0.0 

0. 

.0 

2 

0.0 

0. 

.0 

0.0 

0. 

,0 

0. 

.0 

0. 

,0 

0.0 

0. 

.0 

0.0 

0. 

.0 

3 

312.0 

382. 

.8 

453.5 

524. 

,4 

595, 

.2 

666. 

.0 

736.8 

807, 

.6 

878.4 

949. 

,2 

4 

1020.0 

1108. 

,0 

1196.0 

1284. 

.0 

1372, 

.0 

1460. 

.0 

1548.0 

1656, 

.0 

1724.0 

1812. 

.0 

5 

136<..0 

1431, 

.0 

1498.0 

1555. 

.0 

1632, 

.0 

1699. 

.0 

1755.0 

1833, 

.D 

1900.0 

1967. 

.0 

6 

203*. 0 

2113. 

.5 

2193.0 

2272. 

.5 

2352, 

.0 

2431. 

.5 

2511.0 

2590, 

,5 

2670.0 

2749. 

,5 

7 

2098.0 

2167. 

,8 

2237.5 

2307. 

,4 

2377. 

,2 

2447, 

,0 

2515.8 

2586. 

.5 

2656.4 

2725. 

.2 

8 

2796.0 

2868. 

.3 

2940.6 

3012. 

.9 

3085. 

.2 

3157. 

.5 

3229.8 

3302. 

.1 

3374.4 

3445. 

.7 

9 

2596.0 

2555. 

.7 

2715.4 

2775. 

.1 

2834, 

,8 

2894. 

5 

2954.2 

3013. 

.9 

3073.5 

3133. 

.3 

10 

3193.0 

3253. 

.1 

3313.2 

3373, 

.3 

3433, 

,4 

3493. 

.5 

3553.6 

3613. 

.7 

3673.8 

3733. 

.9 

11 

1527.0 

1552. 

.7 

1598.4 

1634. 

.1 

1559, 

.8 

1705. 

,5 

1741.2 

1775. 

.9 

1812.6 

184B. 

.3 

12 

1884.0 

1921. 

.2 

1958.4 

1995. 

.6 

2032, 

,8 

2070. 

.0 

2107.2 

2144. 

,4 

2181.6 

2218. 

.8 

13 

896.0 

916. 

.6 

937.2 

957, 

,8 

978. 

,4 

999. 

0 

1019.6 

1040. 

.2 

1060.8 

1081. 

,4 

14 

1102.0 

THOUSANDS  OF  BOARD  FEET 


0 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

.115 

.232 

.348 

.454 

.580 

.595 

.812 

.928 

1.044 

1.150 

1.434 

1.708 

1.982 

2.255 

2.530 

2.804 

3.078 

3.352 

3.626 

3.900 

4.325 

4.750 

5.175 

5.600 

5.025 

6.450 

5.875 

7.300 

7.725 

7.050 

7.427 

7.804 

8.181 

8.558 

8.935 

9.312 

9.589 

10.056 

10.443 

8 

10.820 

11.218 

11.515 

12.014 

12.412 

12.810 

13.208 

13.505 

14.004 

14.402 

9 

11.380 

11.740 

12.100 

12.460 

12.820 

13.180 

13.540 

13.900 

14.250 

14.520 

10 

14.980 

15.360 

15.740 

16.120 

16.500 

16.880 

17.260 

17.540 

18.020 

18.400 

11 

7.960 

8.210 

8.450 

8.710 

8.960 

9.210 

9.460 

9.710 

9.960 

10.210 

12 

10.460 

10.732 

11.004 

11.276 

11.548 

11.820 

12.092 

12.364 

12.636 

12.908 

13 

5.440 

5.604 

5.768 

5.932 

5.096 

5.250 

5.424 

5.588 

6.752 

5.916 

14 

7.080 
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P4GE  TYPE  10 


FOR  SI  TE  INDEX  CLASS- 


DISTRIBUTION    OF    AREA    AND    GROWING    STOCK    GOALS 
70.,     ROTATION-    110.,     AND  82768.3    ACRES    OF     THIS    SITE    CLASS    AND    5R0UP 

WORKING    GROUP    -    PONDEROSA    2 


AGE  CLASS 


ACRES  IN 
CLASS 


HUNDREDS  OF 
CU.  FT. 


1-  10 

11-  20 

21-  30 

31-  -.O 

ill-    50 

51-  60 

61-  70 

71-  80 

81-  90 

91-100 

101-110 

111-120 

121-130 

131-1*0 

141-150 


752',.'. 
752',. 'i 
752',. "i 
752'^.'. 
752',.', 
752',.'. 
752*. "i 
752'^.'. 

752*.'. 
752',.* 

0.0 
0.0 
0.0 
0.0 


0.0 

0.0 

23*7.6 

52776.1 

109133.9 

130360.1 

180**6.3 

1867*8.0 

233357.8 

220039.6 

2*8068.0 

129671.7 

1*6921.3 

759*3.7 

0.0 


0.0 

0.0 

0.0 

0.0 

0.0 

IB98B.6 

*6105.7 

686*8.8 

95311.5 

100525.9 

120300.0 

702*0.2 

8*137.8 

*7719.7 

0.0 


TOTALS 


PAGE  TYPE  11 

GROWING  STOCK  COALS  FOR  WORKING  CIRCLE 
WORKING  GROUP  -  PONDEROSA  2 
BOGUS  NATIONAL  FOREST 


SITE  CLASS 


ROTATION 

CU.  FT.  TO 

CU.  FT.  TO 

M  BO.  FT. 

.  ABOVE 

AGE 

BD.  FT.  LIMIT 

ROTATION  AGE 

BD.  FT. 

LIMIT 

*0. 

83713.9 

90 

50. 

109*59.9 

110 

60. 

128703.7 

110 

70. 

82768.3 

110 

TOTALS 

*13923.3 

202588. 
221693. 
2630*8. 
175025. 
86235*. 


698039. 
1*7869*. 
2189238. 
171581*. 
60B17B6. 


162*33. 
*81059. 
7721*7. 
651978. 
2067618. 


CUBIC  FEET  IN  HUNDREDS.  TOTAL  AREA  INCLUDES  ANY  LOW  SITE  ACRES  INCORRECTLY  CLASSED  AS  OPERABLE  TYPES. 
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P&5E  TYPE  12 

CQNI/ERSION  3F  ARE4S  TO  STAnJDAJD  ACRES 
WORKING  GROUP  -  PONDEROSA  2 
BOGUS  NATIONAL  FOREST 


SITE  TOTAL  YIELD  ACRES  AREA  IN  EOUItfALENT  OF 

INDEX  PER  ACRE  IN  SITE  REDUCTION  STANDARD  STANDARD  ACRE 

CLASS  M  BD.  FT.  CLASS  FACTOR                  ACRES  IN  SITE  ACRES 

«0.  8.7  83713.9  .48930                409(>1.4                  2.0*373 

50.  17.8  109'.59.9  1. 00000  109459.9                  1.300D3 

60.  23.0  128703.7  1.2967J  16SB9'..5                   .77117 

70.  30.2  82768.3  1.69820  1<.0557.1                   .58886 


SITE  TOTAL  YIELD  ACRES  AREA  IN  EQUIVALENT  OF 

INDEX  PER  ACRE  IN  SITE  REDUCTION  STANDARD  STANDARD  ACRE 

CLASS                CU.  FT.  CLASS  FACTOR                  ACRES  IN  SITE  ACRES 

*0.                  2373.0  83713.9  .5730?                ".7972.3                  1.7<.505 

50.                  4141.0  109459.9  1.00000  109459.9                  1.00003 

60.                  5550.0  128703.7  1.34026  172495.9                   .74613 

70.                  6919.0  82768.3  1.67085  138293.7                   .59850 


PAGE  TYPE  8 

YIELDS  PER  ACRE  OF  MANAGED.  EVEN-AGED  STANDS  BASED  ON  PREDETERMINED  STANDARDS  FOR 

SITE  INDEX   70.,   30.-YEAR  CUTTING  CYCLE 

THINNING  LEVELS-  INITIAL  -   110.,  SUBSEQUENT  -   100. 

WORKING  GROUP  -  LODGEPOLE 
ENTIRE  STAND  BEFORE  AND  AFTER  THINNING  PERIODIC  CUT  AND  MORTALITY 


STAND 

BASAL 

AVERAGE 

AVERAGE 

TOTAL 

MERCHANT- 

SAWTIMBER 

BASAL 

TOTAL 

MERCHANT- 

SAKTIMBER 

AGE 

TREES 

AREA 

O.B.H. 

HEIGHT 

VOLUME 

ABLE  VOLUME 

VOLUME 

TREES 

AREA 

VOLUME 

ABLE  VOLUME 

VOLUME 

YEARS) 

NO. 

SO.  FT. 

IN. 

FT. 

CU.  FT. 

CU.  FT. 

M  BD.  FT. 

NO. 

SQ.  FT. 

CU.  FT. 

CU.  FT. 

M  80.  FT. 

30. 

1000 

126 

4.8 

28 

1674 

341. 

0.000 

30. 

432 

71 

5.5 

29 

1018 

341. 

0.000 

56B 

55 

655 

0. 

0.000 

«0. 

430 

99 

6.5 

37 

1812 

1186. 

0.000 

SO. 

429 

128 

7.4 

41 

2647 

2158. 

0.000 

60. 

428 

153 

8.1 

49 

3728 

3264. 

13.510 

60. 

227 

96 

8.8 

50 

2389 

2175. 

8.900 

201 

57 

1339 

1089. 

4.610 

70. 

225 

115 

9.7 

56 

3228 

2993. 

12.570 

80. 

224 

137 

10.6 

61 

4184 

3934. 

16.750 

90. 

224 

159 

11.4 

65 

5112 

4826. 

21.060 

90. 

125 

100 

12.1 

66 

3220 

3049. 

13.580 

99 

59 

1892 

1777. 

7.480 

100. 

125 

117 

13.1 

69 

3922 

3728. 

17.040 

110. 

125 

134 

14.0 

72 

4631 

4416. 

20.630 

120. 

125 

151 

14.9 

75 

5397 

5160. 

24.590 

TOTAL  YIELDS 

9284 

8026. 

36.680 

MINIMUM  CUTS  FOR  INCLUSION  IN  TOTAL  YIELDS —   240.  CUBIC  FEET  AND   1500.  BOARD  FEET 
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PAGE    TYPE    9 

GROWING    STOCK    OF    MANAGED.    REGULATED,     EVEN-AGED    STANDS 

SITE  INDEX   70.,   30. -YEAR  CUTTING  CYCLE 

DENSITY  LEVEL-  UO.  AND  100. 

WORKING  GROUP  -  LODGEPQLE 


VOLUMES  PRESENT  PER  ACRE  AT  END  OF  EACH  YEAR 

MERCHANTABLE  CUBIC  FEET 
YEAR 


0 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

0.0 

0 

0 

0.0 

0 

0 

1 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

0.0 

0 

0 

0.0 

0 

0 

2 

0.0 

0.0 

0.0 

0.0 

0.0 

0 

0 

0.0 

0 

0 

0.0 

0 

0 

3 

3*1.0 

^25. 5 

510.0 

59*. 5 

679.0 

763 

5 

8*8.0 

932 

5 

1017.0 

1101 

5 

« 

1186.0 

1283.2 

1380.* 

1*77.6 

157*. 8 

1672 

0 

1769.2 

1866 

* 

196  3.6 

206D 

8 

5 

2158.0 

2268.6 

2379.2 

2*89.8 

2600.* 

2711 

0 

2821.6 

2932 

2 

30*2.8 

3153 

* 

6 

2175.0 

2256.8 

2338.6 

2*20.* 

2502.2 

258* 

0 

2665.8 

27*7 

6 

2829.* 

2911 

2 

7 

2993.0 

3087.1 

3181.2 

3275.3 

3369.* 

3*63 

5 

3557.6 

3651 

7 

3745.8 

3839 

9 

8 

393*. 0 

4023.2 

*112.* 

*201.6 

*290.8 

*380 

0 

**69.2 

*558 

* 

*6*7.6 

*736 

8 

9 

30',9.0 

3116.9 

318*. 8 

3252.7 

3320.6 

3388 

5 

3*56.* 

352* 

3 

3592.2 

3660 

1 

10 

3728.0 

3796.8 

3865.6 

393*.* 

*003.2 

*0  72 

0 

*1*0.8 

*209 

6 

*278.* 

*3*7 

2 

11 

".".Ib.O 

'i'.90.* 

*56*.8 

*639.2 

*713.6 

*788 

0 

*862.* 

*936 

8 

5011.2 

5085 

6 

12 

5160.0 

THOUSANDS  OF  BOARD  FEET 


0 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0 

000 

I 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0 

000 

2 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0 

000 

3 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0 

000 

* 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0 

000 

5 

0.000 

1.351 

2.702 

*.053 

5.40* 

6.755 

8.105 

9.*57 

10.808 

12 

159 

6 

8.900 

9.267 

9.63* 

10.001 

10.368 

10.735 

11.102 

ll.*59 

11.836 

12 

203 

7 

12.570 

12.988 

13.406 

13.82* 

1*.2*2 

14.660 

15.078 

15.*96 

15.91* 

15 

332 

8 

16.750 

17.181 

17.512 

18.043 

18. *7* 

18.905 

19.336 

19.767 

20.198 

20 

629 

9 

13.580 

13.926 

1*.272 

14.618 

1*.96* 

15.310 

15.656 

16.002 

16.3*8 

16 

69* 

10 

17.0*0 

17.399 

17.758 

18.117 

18.*76 

18.835 

19.19* 

19.553 

19.912 

20 

271 

11 

20.630 

21.026 

2l.*22 

21.818 

22.21* 

22.610 

2  3.006 

23.*02 

23.798 

2* 

194 

12 

2*. 590 
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PAGE  TYPf  10 

OISTRIBUTION  OF  AREA  AND  GROWING  STOCK  GOALS 
FOR  SITE  INDEX  CLASS-   70..  ROTATION-  120..  AND    35227. <>  ACRES  OF  THIS  SITE  CLASS  AND  GROUP 

WORKING  CROUP  -  LOOGEPOLE 


AGE  CLASS 

0 

1 

1- 

10 

il- 

20 

21- 

30 

31- 

<^0 

41- 

■  50 

51- 

60 

61- 

70 

71- 

80 

81- 

90 

91- 

100 

101- 

110 

111- 

120 

121- 

130 

131- 

1*0 

m- 

150 

ACRES  IN 
CLASS 


2935.6 

2935.6 

2935.6 

2935.6 

2935.6 

2935.6 

2935.6 

2935.6 

2935.6 

2935.6 

2935.6 

2935.6 

0.0 

0.0 

0.0 

0.0 


HUNDREDS  OF 
CU.  FT. 


0.0 

0.0 

1001.0 

23653.7 

50510.2 

78011.0 

77057.0 

103056.2 

12<.672.7 

100<.70.0 

120548.1 

0.0 

0.0 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 

0.0 

20063.2 

32052.5 

<.36<.9.7 

53934.6 

<.5<.52.1 

55819. 3 

0.0 

0.0 

0.0 

0.0 


AGE  CLASS  ZERO  REPRESENTS  CLEARCUT  ACRES  NOT  YET  REFORESTED  BECAUSE  OF  DELAY  OF   10.  YEARS 
EXPECTED  AFTER  SCHEDULED  REGENERATION  CUTTING. 


PAGE  TYPE  11 


GROWING  STOCK  GOALS  FOR  WORKING  CIRCLE 
WORKING  GROUP  -  LODGEPOLE 
BOGUS  NATIONAL  FOREST 


SITE  CLASS 


ACRES 


ROTATION 

CU.  FT.  TO 

CU.  FT.  TO 

M  BO.  FT.  ABOVE 

AGE 

BD.  FT.  LIMIT 

ROTATION  AGE 

BD.  FT.  LIMIT 

50. 
60. 
70. 

TOTALS 


66'.0.6 

120 

12655.7 

120 

35227.4 

120 

55005.2 

12502. 

21157. 

81825. 

115483. 


74084. 
192451. 
678980. 
945515. 


24933. 

69764. 

250971. 

345668. 


CUBIC  FEET  IN  HUNDREDS.  TOTAL  AREA  INCLUDES  ANY  LOW  SITE  ACRES  INCORRECTLY  CLASSED  AS  OPERABLE  TYPES. 
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PACF  TYPE  12 

CONVERSION  Of  4RE4S  TO  ST4NDARD  4CRES 
WORKING  GROUP  -  LODGEPDLE 
BOGUS  NATIOMAL  FOREST 


SITE  TOTAL  YIELD  ACRES  AREA  n  EQUIVALENT  OF 

INDEX               PER  ACRE  IN  SITE  REOUCTIOM  STANDARD  STANDARD  ACRE 

CLASS               M  6D.  FT.  CLASS  FACTOR  ACRES  IN  SITE  ACRES 

50.                   17.7  f>S<.0.5  .73682                 ',89?..')  1.35718 

60.                   2<..l  12655.7  1.00000  12655.7  l.DODOO 

70.                   36.7  35227.'.  1.52262  53638.0  .65676 


SITE  TOTAL  YIELD               ACRES  AREA  IM  EQUIVALENT  OF 

INDEX  PER  ACRE  IN  SITE  REDUCTION  STANDARD  STANDARD  ACRE 

CLASS                CU.  FT.                 CLASS  FACTOR  ACRES  IN  SITE  ACRES 

50.                 4386.0                  6640.6                .72700  4827.7                 1.37551 

60.                 6033.0  12555.7  1.00000  12655.7                 l.OODOD 

70.                 8026.0  35227.4  1.33035  46964.7                  .75168 


PAGE  TYPE  13 


VOLUMES  OF  BLOCKS  AND  WORKING  CIRCLE 
BOGUS  NATIONAL  FOREST 


BLOCK  NO.  2     BLOCK  NO.  3     BLOCK  NO.  4 


PONOEROSA  1 

TOTAL  CU.  FT.  6364169.1  3409318.4  2954850.7  0.0 

MERCH.  CU.  FT.  4845227.1  2592262.9  2252964.3  0.0 

M    BO.  FT.  1205479.1  715735.4  489743.7  0.0 

PQNDEROSA  2 

TOTAL  CU.  FT.  5554914.0             0>0  0.0  5554914.0 

MERCH.  CU.  FT.  4277741.5             0.0  0.0  4277741.5 

M  BD.  FT.  1366321.2             0.0  0.0  1366321.2 

LODGEPDLE 

TOTAL  CU.  FT.  1966950.4  334040.0  767312.2  865598.1 

MERCH.  CU.  FT.  1733849.5  306054.2  619582.1  808213.2 

M  BD.  FT.  653949.0  129110.3  184678.6  340160.1 

TOTAL  VOLUME 
OF  BLOCK 

TOTAL  CU.  FT.  13886033.4  3743358.4  3722162.9  6420512.1 

MERCH.  CU.  FT.  10856818.1  2898317.1  2872546.4  5085954.6 

M  BD.  FT.  3225749.3  844845.7  674422.3  1706481.3 

CUBIC  FEET  IN  HUNDREDS,  BOARD  FEET  IN  THOUSANDS 


6  5 


PAGE  TYPE  1« 


T0T4L  AREAS  AND  VOLUMES  OF  BLOCKS  AND  WORKING  CIRCLE 
BOGUS  NATIONAL  FOREST 


BLOCK         TYPE 
NO.  NO. 


1 

2 

3 

t, 

5 

6 

7 

S 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

2« 

25 

26 

27 


BLOCK 

TYPE 

NO. 

NO. 

2 

1 

2 

2 

2 

3 

2 

4 

2 

5 

2 

6 

2 

7 

2 

6 

2 

9 

2 

10 

2 

11 

2 

12 

2 

13 

2 

16 

2 

15 

Z 

16 

2 

17 

2 

18 

2 

19 

2 

2b 

2 

21 

2 

22 

2 

23 

2 

26 

2 

25 

2 

26 

2 

27 

TOTAL 

TOTAL 

MERCH. 

M 

ACRES 

NUMBER 

ACRES 

CU.    FT. 

CU.     FT. 

BO.     FT. 

LOW    SITE 

OF    RECORDS 

7287.6 

0.0 

0.0 

0.0 

0.0 

5. 

3JI1*.0 

30163*. 2 

38789.0 

0.0 

0.0 

15. 

29385.8 

611637.3 

351176.3 

7119.8 

0.0 

16. 

70027.* 

1958300.3 

1708379.5 

53*5**. 8 

0.0 

31. 

1833'.. 5 

5377*6.6 

*93918.0 

17*070.8 

0.0 

8. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

3630. <• 

0.0 

0.0 

0.0 

0.0 

1. 

35.6 

925.3 

511.3 

105.0 

0.0 

2. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

7327.5 

33311*. 7 

3055*2.9 

129005.2 

0.0 

5. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

11*77.9 

0.0 

0.0 

0.0 

0.0 

7. 

<>066.0 

0.0 

0.0 

0.0 

0.0 

5. 
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NUMBER 
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CU.    FT. 

CU.    FT. 

BO.    FT. 

LOW    SITE 

OF    RECORDS 

18721.1 

0.0 

0.0 

0.0 

0.0 

13. 

1**77.3 

2*8077.6 

96161.2 

0.0 

0.0 

8. 

61*99.8 

117**98.1 

85007*.! 

112725.0 

0.0 

29. 

*3716.7 

109225*. 9 

918889.8 

260616.8 

P.O 

21. 

1**72.9 

**0020.1 

387839.3 

116*01.9 
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6. 

0.0 

0.0 
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0. 
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0.0 

0.0 

0. 
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0.0 

0. 
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0.0 

0.0 

0. 

0.0 

0.0 

0.0 

CO 
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0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

3568.2 

*087*.* 

0.0 

0.0 

0.0 

1. 

107**. 7 

*33035.0 

3*32*8.3 

65706.0 

0.0 

*. 

**65.5 

293*02.8 

276333.8 

118972.7 

0.0 

3. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

O.D 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 

8*. 5 

0.0 

0.0 

0.0 

0.0 

2. 

11206.9 

0.0 

0.0 

0.0 

0.0 

8. 
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NO. 

3 

1 

3 

2 

3 

3 

3 

<i 

3 

5 

3 

6 

3 

7 

3 

8 

3 

9 

3 

10 

3 

U 

3 

12 

3 

13 

3 

1« 

3 

15 

3 

16 

3 

17 

3 

18 

3 

19 

3 

20 

3 

21 

3 

22 

3 

23 

3 

24 

3 

25 

3 

26 

3 

27 

PAGE  TYPE  14.  CONT. 


TOTAL  TOTAL  MERCH.  M               ACRES            NUMBER 

ACRES  CU.  FT.  CU.  FT.  BD.  FT.           LOH  SITE        OF  RECORDS 

0.0  0.0  0.0  0.0  0.0  0. 

0.0  0.0  0.0  0.0  0.0  0. 

0.0  0.0  0.0  0.0  0.0  0. 

0.0  0.0  0.0  0.0  0.0  0. 

0.0  0.0  0.0  0.0  0.0  0. 

65297.0  0.0  0.0  0.0  0.0  12. 

37109.4  619749.3  123739.9  0.0  0.0  4. 

83496.1  997668.7  717972.8  71184.7  0.0  9. 
120605.5  3262467.2  2923917.6  1091533.2            9277.3  13. 

27832.0  675028.8  512111.1  203603.3  0.0  3. 

13.3  0.0  0.0  0.0  0.0  I. 

0.0  0.0  0.0  0.0  0.0  0. 

0.0  0.0  0.0  CO  0.0  0. 

18554.7  865598.1  808213.2  340160.1  0.0  2. 

0.0  0.0  0.0  0.0  0.0  0. 

0.0  0.0  0.0  0.0  0.0  0. 

0.0  0.0  0.0  0.0  0.0  0. 

0.0  0.0  0.0  0.0  0.0  0. 

O.D  0.0  0.0  0.0  0.0  0. 

b.o  0.0  0.0  0.0  0.0  0. 

0.0  0.0  0.0  0.0  0.0  0. 

0.0  o.d  0.0  0.0  0.0  0. 

0.0  0.0  0.0  0.0  0.0  0. 

0.0  0.0  0.0  0.0  0.0  0. 

0.0  0,0  0.0  0.0  0.0  0. 

18590.3  0.0  0.0  0.0  0.0  4. 

65412.5  0.0  0.0  0.0  0.0  13. 


TOTALS  804555.5        13886033.4        10856818.1         3225749.3 

CUBIC  FEET  IN  HUNDREDS,  BOARD  FEET  IN  THOUSANDS 


APPENDIX   3 


Alternative  Outputs 


Reproduced  below  are  examples  of  the  type 
5  pages  produced  by  optional  subroutine  MAPS. 
MAPS  produces  two  type  5  pages  for  each  com- 
partment if  maps  are  desired,  and  a  single  type 
5  page  per  compartment  if  map  output  is 
suppressed. 

Subroutine  AREAl  prints  a  type  5  page  with 
two  compartments  per  page.  An  example  is  not 


given;  the  format  for  each  compartment  is  the 
same  as  the  top  half  of  the  page  without  maps 
produced  by  MAPS. 

Type  6  pages  produced  by  MAPS  and  AREAl 
are  not  reproduced  because  they  do  not  differ 
in  format  from  the  page  type  6  of  AREA2  in 
appendix  2. 
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APPENDIX  4 

An  Example  of  Record  Maintenance 


Program  GROW,  listed  below,  is  an  example 
of  the  assistance  provided  by  computers  in  the 
maintenance  of  records.  Its  purpose  is  to  update 
inventory  records  if  thinning  or  other  change 
has  not  required  replacement  with  a  new  record. 
New  inventory  data  and  updated  data  can  then 
be  combined  for  input  to  TEVAP2.  The  new 
management  plan  produced  will  be  based  on  the 
most  recent  estimates  of  forest  condition  for  all 
plots  or  subcompartments.  The  plan  can  be 
produced  during  the  winter,  between  growing 
seasons,  before  it  is  needed  to  guide  the  next 
season's  work. 

Inputs  to  GROW  are  always  original  records, 
not  the  results  of  previous  projections.  A  9999 
is  punched  instead  of  the  year  of  record  on 
inventory  cards  with  updated  information. 
Records  with  very  large  values  for  year  will  not 
be  processed  by  the  program.  Accidental  mixture 
of  original  and  updated  records  will  not  be  per- 
petuated for  use  by  TEVAP2.  This  feature  re- 
quires that  two  sets  of  inventory  records  be 
prepared  for  each  working  circle: 

1.  A  permanent  file  of  original  data  that  is 
revised  only  by  replacement  of  records.  This  file 


is  revised  continuously  as  work  and  inventory 
reports  are  submitted,  and  is  the  input  file  for 
GROW. 

2.  A  temporary  file  consisting  of  data  up- 
dated by  GROW  and  of  duplicates  of  original 
data  that  are  too  new  to  need  updating.  This 
file  contains  the  inventory  records  to  be  used 
by  TEVAP2. 

Use  of  two  files  increases  the  complexity  of 
the  record  system,  but  avoids  the  compounding 
of  projection  errors. 

Linear  projections  are  used  in  GROW 
because  other  forms  of  the  relationships  are  un- 
known. For  example,  a  2-year  increase  in 
diameter  is  assumed  to  equal  two-tenths  of  the 
increase  projected  by  an  equation  developed  for 
a  10-year  period.  Projection  periods,  the  variable 
TIME  in  TEVAP2,  should,  therefore,  be  kept 
short,  especially  for  fast-growing  species. 

GROW  produces  three  kinds  of  output: 

1.  An  inventory  card  with  updated  data  is 
punched  for  direct  use  or  for  transfer  to  mag- 
netic tape.  Alternatively,  the  logical  unit 
assigned  to   the  punch  may  be  assigned  to  a 


~l 
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tape  drive.  Card  images  of  the  temporary  inven- 
tory file  are  then  written  directly  onto  tape. 

2.  A  copy  of  the  card  or  card  image  may 
be  printed,  if  desired.  A  nonzero  value  of  DUPL 
is  read  to  obtain  the  printed  record. 

3.  A  record  of  the  number  of  cards  proc- 
essed is  written  after  all  other  operations  have 
been  executed.  The  total  does  not  include  any 
previously  updated  records  accidentally  mixed 
with  original  data. 


to 


As  listed,  the  relationships  in  GROW  apply 
ponderosa  pine  in  the  Black  Hills.  Similar 


programs  can  be  prepared  for  other  species  by 
replacing  the  species-specific  statements  with 
equivalents  from  section  3  of  the  appropriate 
species-specific  subroutine  of  TEVAP2.  Even  the 
dwarf  mistletoe  rating  can  be  updated.  For 
lodgepole  pine  (Myers  et  al.  1971): 

IF  (DMR  .LE.  1.0)  GO  TO  100 
DMR  =  DMR  +  0.07  *  RINT(I) 
GO  TO  105 
100  DMR  =  DMR  +  (0.03  -t-  0.038  *  DMR)  * 

RINT(I) 


c 
c 
c 

L    c 

c 


PR03RAM  GftOM 
1  1  INPUT,  OUTPUT,  PUNCH,!  APES  =  I  NPUT,TAPE6  =  0UTPUT,T  APE  7  =  PUNCH,  TAPE  <>=  TAP 
2E5) 

TO  UPDATE  INVENTORY  IF  NO  CHANGES  EXCEPT  NORMAL  GROWTH  HAVE  OCCURRED. 

DEFINITIONS  OF  VARIABLES  NOT  ALREADY  DEFINED  IN  PROGRAM  TEVAP. 

ADD  =  NUMBER  OF  YEARS  TO  PROJECT  INVENTORY  DATA. 
ANO  =  YEAR  AFTER  LAST  GROWING  SEASON  TO  BE  PROJECTED. 
DUPL  =  INDEX  TO  PRINT  II)  OR  OMIT  (BLANK  OR  01  NEW  DATA. 
NBR  =  NUMBER  OF  INVENTORY  CARDS  PROCESSED. 

DIMENSION  AGE (2) ,BAS( 2  I . DATE! 61 , DBHI 2), DEN  I 2),0MR(2) .FAGI2) , 
IFDEN(2) .FDM(2) ,FDMR(2 l,FHT(2l .FORET I  191 , HT ( 2  I . JDMR ( 2  I , JFAGI 2  I , 
2JFDEN(2I,JFDM(2).JFHT(2) 

KNTR  =  0 
NBR  -  0 

READ  VALUES  COMMON  TO  ALL  CARDS. 

READ  (5,1)  (FORETI I ), 1=1, 191 
1  FORMAT  (18A*,A2) 

READ  (5,5)  (OATE( I ) ,1=1,6) 
5  FORMAT  (6A<r) 

READ  (5,10)  RINT, DUPL, ANO, NBK 
10  FORMAT  OF'-.d'*) 

INITIALIZE  VARIABLES  RECOMPUTED  FOR  EACH  INVENTORY  CARD. 

15  DO  20  1=1,2 

DMR(l)  =  0.0 

FAG(I)  ■=  0.0 

FOENII I  =  0.0 

FDMdl  =  0.0 

FDMfi( I )  =  0.0 

FHTI I )  =  0.0 

JOMR( I )  =  0 

JFAGI  I)  =  0 

JFDENI I )  =  0 

JFDMI 11=0 

JFHTI I )  =  0 
20  CONTINUE 

SBAS  =  0.0 

READ  INVENTORY  CARDS.  LAST  CARD  IS  BLANK  TO  STOP  PROCESSING. 

INVENTORY  RECORDS  ARE  ORIGINAL  DATA,  NOT  RESULTS  OF  PREVIOUS 

PROJECTIONS.  VARIABLE  WHEN  IS  ACTUAL  DATE.  NOT  DUMMY  ADDED  BY  THIS 
PROGRAM. 

READ  ('.,25)  1BK,K0MP,  ISJ8,aTRl,0TR2, SECT, TOWN, RANG, SITE, STRY, 
1NTYP,W0RK,FISC,DBHI I) ,HT( 1 ),DEN( 1),AGE( 1),0MR( l),DBHI2),HT(2).DENI 
22) .AGE  12) ,DMRI2) .ACRE. WHEN 
25  FORMAT  (  I2.I<..I3.3A3.2A<.,F3.0,F1.0.  I2.Fl.O,F'V.O,F3.1.F3.0.F5.0.F3. 
10,F2.1,F3.l,F3.0,F5.0,F3.0,F2.l,F5.l,F'V.O) 

DETERMINE  IF  GROWTH  PROJECTION  CAN  BE  MADE. 

IFIIBK  .LE.  0  .OR.  IBK  .GT.  NBK)  GO  TO  130 
JFISC  =  FISC 


J 
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c 

C  TEST  DATE  OF  DATA  SO  PROJECTED  DATA  WILL  NOT  BE  PROJECTED  AGAIN. 
C 

IF(WHEN  .GE.  2000.01  GO  TO  15 
NBR  =  NBR  ♦  1 
ADO  =  ANO  -  WHEN 
IFUDD  .EQ.  0.01  GO  TO  75 

IFIDENIl)  .EO.  0.0  .OR.  DBH( I)  .EO.  O.J)  GO  TO  75 
C 

C  COMPUTE  FUTURE  STAND  VALUES. 
C 

BASdl  =  0.005«5'.2  »  OBHll)  *  OBHI  1  )  *  OEN(l) 
BAS(2)  =  0.005<.5'.2  »  DBH(2)  •  DBH(2)  •  DEN(2) 
SBAS  =  BAS(l)  ♦  BAS(21 
DO  35  1=1,2 

IFIDBHdl  .EO.  0.01  GO  TO  35 
IFIOENI I  I  .EO.  0.01  GO  TO  35 
FAGt I)  =  ACE( I )  ♦  ADD 
IF(06H(I1  .GE.  10.0)  GO  TO  28 

FOENdl  =  0.002'.7  ♦  0.0012'V  •  DBHl  I  )  ♦  0.00028  »  DBH(I)  »  D8H(I)  ♦ 
10.00000521  •  SBAS  •  SBAS  -  0.0000905  »  DBHl I )  •  SBAS 
IF(FDEN(I)  .LT.  0.01  FnEN(I)  =  0.0 
FDEN(l)  =  DEN(I)  •  (1.0  -  FOENI I ) ) 
GO  TO  30 
28  FDEN(  I  )  =  DEN( I  1 

30  FOM(I)  =  0.88511  »  DBH( I )  t  1.29735  *  ALOGIOI HT< I ) )  +  0.00119  •  DB 
IH(I)  •  SITE  ♦  62.3717<.  /  SBAS  -  1.56975 

FHTIIl  =  15.<.3021  ♦  1.107  »  HTIll  -  0.08637  •  AGEdl  -  30'(. 12172  / 
ISITE  -  0.02'i'.7  »  SITE  »  SBAS  *  0.01 
35  CONTINUE 
C 

C  CHANGE  ORIGINAL  VALUES  TO  THOSE  EXPECTED  IN  ADD  YEARS. 
C 

TEM  =  ADD  /  RINT 
DO  <.0  1=1  .2 

FDENd)     =    DENd)     »     (FOEN(I)     -    DEN(I)1     •    TEM 
FDMII)     =    DBHd)     ♦     (FDHIIl     -    DBHd))     »    TEM 
FHTd)     =    HTd)     ♦     (FHTII)     -    HT  d  )  1     •    TEM 
'.O    CONTINUE 
C 

C  CHANGE  TYPE  CODES  AS  NEEDED.   REPLACE  NTYP  =  1  TO  NTYP  =  5  WITH 
C  VALUES  OF  NTYP  APPROPRIATE  TO  SPECIES  AND  WORKING  GROUP. 
C 

J  =  1 

IFISTRY  .GT.  0.01  J  =  2 
IF(FAG(J1  .GT.  30.0)  GO  TO  45 
NTYP  =  1 
GO  TO  65 
*5  IF(FAG(J)  .GT.  50.0)  GO  TO  50 
NTYP  =  2 
GO  TO  65 
50  IF(FAG(J)  .GT.  100.01  GO  TO  55 
NTYP  =3 
GO  TO  65 
55  IF(FAG(J)  .GT.  1*0.0)  GO  TO  60 
NTYP  =  * 
GO  TO  65 
60  NTYP  =  5 
C 

C  CONVERT  TO  FIXED  POINT  FOR  PUNCHING.  RETAIN  NECESSARY  DECIMALS. 
C 

65  DO  70  1=1,2 

JDMRdl  =  FDMRd)  »  10.0  ♦  0.5 
JFAGII )  =  FAGI I )  ♦  0.5 
JFDENI I )  =  FDENI I)  ♦  0.5 
JFOMdl  =  FDMdl  *  10.0  ♦  0.5 
JFHT(  I  )  =  FHTd  )  ♦  0.5 
FAGdl  =  JFAGd  1 
FOENd)  =  JFOEN(I) 
FDMI I )  =  JFOMC I ) 
FDM( I )  =  FDMI I)  »  0.1 
FDMRd)  =  JOMR(l) 
FDMRI I  1  =  FOMRI  II  •  0.1 
FHTI  I  1  =  JFHTd  1 
70  CONTINUE 
GO  TO  85 
75  DO  80  1=1,2 

FAGI II  =  AGEI I  I 
FDENd  )  =  DENd  ) 
FDMI I  1  =  DBHl  I ) 
FDMRI I  I  =  DMRI I ) 
FHTI I )  =  HTI I  I 

JOMRI I )  =  DMRI I )  »  10.0  ♦  0.5 
JFAGI II  =  AGE  I  I ) 
JFDENI I  1  =  OENI 1 ) 
JFDMI I  1  =  DBHl I )  »  10. 0  ♦  0.5 
JFHTI  II  =  HTd  ) 
80  CONTINUE 
85  JSITE  >  SITE 
JSTRY  =  STRY 
JMORK  =  WORK 

JACRE  =  ACRE  *  10. 0  ♦  0.5 
JWHN  =  9999 
C 

C  PUNCH  REPLACEMENT  FOR  INVENTORY  CARD,  USING  NEW  DATA. 
C 

WRITE  17,901  IBK,KOMP,ISUB,0TRl,QTR2,SeCT,TOWN,RANG,JSITE,JSTRY,NT 
lYP,  JWORK.JF  ISC,  JFDMI  1  1,  JFHTd  1,  JFDENI  I  1,  J  FAGI  II  ,  J  DMRI  1  I  ,  JFDMI  2)  ,JF 
2HTI2 1,JFDENI2), JFAGI 2 ),JDMRI 2), JACRE, JWHN 
90  FORMAT  112,  U, I  3,  3A3,2A'>,  13,  I  1,12,  II,  14, 213,  15,  13,  12,213.  15, I  3, 12. 
115,141 
C 

C  PRINT  RECORD  OF  NEW  INVENTORY  DATA,  IF  DESIRED. 
C 


7  1 


IFIOUPL  .tU.  0.01  GO  TO  1 

IFfKNTR  .EO.  50)  KNTr  =  0 

|F(KNTR  .NE.  PI  CO  Tfl  12': 

WHITE  (6,1001  (nATe(l<l.K  = 

ICO  FORMAT  (  IH1,//,'.3X  .S'^HRES 

14?X,18H0ATA  PROJfCTEn  TO 

WRITE  16.10^1  1FGRET(I1,I 

105  FORMAT  (IHO.ex.  18A<.,  A2I 

WRITE  16,1101 
HO  FORMAT  I  1H0,53X,29H»»»»»» 
1I)ERSTORY»»»«»»»»«»,IOX,5H 
?2X,'.hSITE,ZX,5HST0RY,2X,'. 
JT,3X,6HTREES,3X,1HAGE,2X. 
'•E,2X,3h0MR,<,X,<,HARFA,3X,<, 
WRITE  (6,1151  IBK,KOHP,lS 
1 ,FDEN( 11 ,F»GI 1 1,0HR( I I.FP 
2EN 

US  FORMAT  (  1M0,3X,I2,5X,  11,3 
1FS.D,F6.0,F4.1,F6.1,F6.1, 
KNTR  =  KNTR  ♦  1 
00  TO  15 
120  WRITE  16,1251  IBK.KOMP.IS 
l,Fr)EN(ll,FAG(ll,nMR(l|,FD 
ZEN 
125  FORMAT  (IH  ,3X, I2,5X, I  3, 3 
1F8.0,F5.0,F*.1,F6.1,F6.1, 
KNTR  =  KNTR  »  I 
GO  TO  15 

RECORD  THAT  THE  CHANGES  WERE 

130  IFIOUPL  .EO.  0.01  GO  TO  1 

WRITE  (6,1351  NBR 
135  FORMAT! 1H0.//,5X,27HNUMBE 

GO  TO  200 
140  WRITE  I6.K.5I 
l^iS  FORMAT  I  lHl,////,<r3X,  38HR 

WRITE  (6,1501  (FORETdl,! 
150  FORMAT  (  IHO  ,  /  ,',3  X  ,  16HS0UR 

WRITE  (6,1551  ( DArE(  I  I,  1  = 
155  FORMAT  ( IHO, / ,43X , IBHOAT A 

WRITE  (6,160)  NBR 
160  FORMAT  ( IHO , / ,5X ,27HNUMBE 
200  CALL  EXIT 

END 


1,6) 

ULTS  OF  PROJECTION  OF  INVCNTOaY 

,6A'.l 

=  l,l'>) 


•  •••0\/ERST3RY»»««»»«»»»,IX,  29H»» 
OR  1  G.  /  1 H  ,  2X  ,  5HBL  OCK  ,  2X  ,  iiHC  3MP  ,  2 
HTYPE,2X,4HW0RK,  IX.AMFISCIX.IHD 
3HOMR,3X,"(HDBH,3X,2HHT,3X,5HTR£r 
HOATE) 

UB,SITE,STRY,NTYP,WORK,FISC,FDM( 
M( 21 ,FHT( 21,FDEN( 2  1,FAG( 21,OMR(2 

X,I2,F7.0,F6.0,'-X,I2,F7.0,F7.0,F( 
F').0,F6.0,F<,.l,F9.l,F7.0) 


*••**«* UN 
X.'iHSUBC, 
BH,3X,2HH 
S,3X,3HAG 

1) ,FHT(1 ) 
)  ,ACRE,WH 


SirE,SrRY,NTYP,W3RK,FISC,FnM( 
M(2),FHT( 2),FDEN(2),FAG(2),DM5(2 


1),FHT( 1 ) 
1, ACRE, WH 


X,12,F7.0,F6.0,',X,12,F7.0,F7.0,Ft 
F8.0,F6.0,F'..1,F9.1,F7.0) 


MADE. 

'.0 

R    OF    CARDS    REPUNCHED-    ,151 


ECORO    OF    PROJECTION    OF     INVENTORY 
=1, 191 

CE    OF    DATA-    ,  IBA*.,  A21 
1,6) 
ADJUSTED    TO-     ,6A<il 

R    OF    CARDS    REPUNCHED-    ,151 


BOGUS  NATIONAL  FOREST 


RESULTS  OF  PROJECTION  OF  INVEMTDRY  DATA 
DATA  PROJECTED  TO  JANUARY  2,  197'. 


BLOCK   COMP   SUBC   SITE   STORY   TYPE 


1 

■iO. 

0. 

3 

2 

60. 

0. 

4 

7 

<.0. 

0. 

5 

5 

50. 

I. 

3 

9 

7C. 

0. 

t* 

13 

50. 

0. 

25 

1 

50. 

'  1. 

3 

6 

73. 

0. 

25 

10 

60. 

0. 

3 

1 

60. 

0. 

4 

10 

50. 

0. 

3 

l*. 

50. 

0. 

3 

98 

1 

50. 

0. 

2 

98 

', 

60. 

0. 

3 

98 

13 

60. 

0. 

k 

99 

t, 

63. 

0. 

1 

100 

2 

50. 

0. 

<, 

100 

•i 

50. 

0. 

I 

100 

5 

60. 

0. 

3 

100 

7 

60. 

0. 

t, 

100 

9 

60. 

0. 

« 

100 

16 

50. 

0. 

5 

101 

2 

50. 

1. 

3 

102 

2 

50. 

1. 

2 

102 

9 

60. 

0. 

<• 

202 

1 

iO. 

0. 

5 

208 

2 

60. 

0. 

5 

207 

10 

70. 

0. 

5 

203 

11 

50. 

0. 

3 

203 

9 

5P. 

0. 

<; 

203 

7 

60. 

0. 

«, 

203 

5 

50. 

0. 

5 

203 

3 

70. 

0. 

3 

203 

2 

60. 

0. 

•• 

203 

1 

50. 

0. 

5 

202 

9 

60. 

0. 

3 

202 

8 

50. 

0. 

•> 

202 

7 

60. 

0. 

3 

••••♦OVERSTORY 

.««.....»U\JOERSTDRY 

**•*•••••• 

ORIG 

]RK 

FISC 

DBH 

HT 

TREES 

ACE 

D-R 

DBH 

MT 

TREES 

AGE 

OMR 

AREA 

DATE 

2. 

197'.. 

5.9 

33.0 

811. 

82. 

0.0 

0.0 

0.0 

0. 

3. 

0.0 

0.0 

1955 

0. 

-0. 

12.5 

59.0 

125. 

125. 

0.0 

0.0 

0.0 

0. 

0. 

0.0 

0.0 

1958 

4. 

1975. 

9.4 

48.0 

315. 

153. 

0.0 

0.0 

CO 

0. 

0. 

CO 

3.0 

1957 

5. 

197<,. 

12.7 

59.0 

2. 

128. 

0.0 

5.4 

44.0 

615. 

78. 

0.3 

8.9 

1965 

i*  , 

n7<.. 

1'..9 

85. C 

70. 

138. 

0.0 

5.9 

63.0 

125. 

78. 

0.0 

173.3 

1956 

1. 

197<.. 

0.0 

0.0 

0. 

0. 

0.0 

0.0 

0.0 

0, 

0. 

0.0 

3.0 

1965 

5. 

197<.. 

12.3 

49.0 

2. 

126. 

0.0 

5.4 

34.0 

846. 

77. 

0.0 

354.4 

1957 

1. 

1975. 

0.0 

0.0 

C. 

0. 

0.0 

n.o 

CO 

D. 

3. 

0.0 

0.0 

1967 

0. 

-0. 

11.0 

52.0 

204. 

98. 

0.0 

0.0 

CO 

0. 

0. 

0.0 

320.0 

1968 

0. 

-0. 

10. «. 

53.0 

235. 

lOS. 

0.0 

0.0 

0.0 

0. 

0. 

0.0 

3.0 

1965 

2. 

1975. 

5.4 

32.0 

653. 

54. 

0.0 

0.0 

0.0 

0. 

0. 

0.3 

3.3 

1968 

2. 

1977. 

5.4 

34.0 

417. 

56. 

0.0 

0.0 

CO 

D. 

3. 

0.0 

3.0 

1957 

0. 

-0. 

4.6 

22.0 

597. 

38. 

0.0 

0.0 

CO 

0. 

0. 

0.0 

0.0 

1966 

2. 

197'.. 

5.4 

51  .0 

1083. 

77. 

0.0 

0.0 

0.0 

c 

0. 

0.0 

3.0 

1955 

0. 

-3. 

10.7 

68.0 

238. 

133. 

0.0 

0.0 

0.0 

0. 

0. 

0.0 

3.0 

1956 

0. 

-0. 

0.0 

3.0 

580. 

10. 

0.0 

0.0 

0.0 

0. 

0. 

0.0 

0.0 

1967 

3. 

-0. 

9.5 

57.0 

203. 

123. 

0.0 

0.0 

CO 

0. 

3. 

0.0 

0.0 

1967 

0. 

-3, 

3.1 

14.0 

1958  . 

25. 

0.0 

0.0 

CO 

0. 

0. 

CO 

17.8 

1959 

<,. 

1975. 

12.0 

59.0 

198. 

69. 

0.0 

5.5 

50.0 

288. 

59. 

0.0 

0.3 

1955 

0. 

-0. 

10.8 

71.0 

238. 

129. 

0.0 

0.0 

0.0 

0. 

3. 

0.0 

0.0 

1955 

6. 

197'.. 

12.7 

71.0 

3. 

129. 

CO 

7.3 

54.0 

498. 

79. 

0.0 

0.0 

1965 

<.. 

1977. 

14.0 

51  .0 

101. 

148. 

0.0 

0.0 

0.0 

D. 

0. 

CO 

3.0 

1955 

0. 

-3. 

12.6 

57.0 

I. 

129. 

0.0 

8.2 

48.0 

289. 

89. 

0.3 

3.3 

1965 

6. 

I97e. 

14.5 

55.0 

10. 

125, 

0.0 

2.5 

75.0 

2942. 

41. 

0.0 

8.9 

1968 

5. 

197'.. 

14.  3 

66.0 

44. 

135. 

0.0 

7.  3 

43.0 

342. 

65. 

0.0 

53.3 

1969 

4. 

1983. 

11.7 

50.0 

75. 

157. 

0.0 

0.0 

0.0 

3. 

3. 

0.0 

65.7 

1958 

5. 

1979. 

12.4 

75.0 

76. 

155. 

0.0 

4.5 

51.0 

572. 

75. 

0.0 

3.0 

1969 

i,. 

1978. 

17.7 

90.0 

35. 

157. 

0.0 

0.0 

0.0 

0. 

0. 

0.0 

3.0 

1965 

2. 

1975. 

5.8 

55.0 

975. 

85. 

0.0 

0.0 

CO 

3. 

3. 

0.3 

3.0 

1965 

D. 

-3. 

7.8 

57.0 

370. 

112. 

0.0 

0.0 

CO 

3. 

C. 

0.3 

3.0 

1967. 

2. 

1978. 

9.8 

64.0 

387. 

119. 

0.0 

0.0 

CO 

3. 

0. 

0.0 

0.0 

1965 

5. 

1979. 

14.2 

50.0 

35. 

155. 

0.0 

3.3 

31.0 

2194. 

55. 

0.0 

43.0 

1959. 

2. 

1976. 

8.5 

57.0 

441. 

89. 

0.0 

0.0 

0.0 

0. 

3. 

0.0 

0.0 

1955. 

2. 

1977. 

8.8 

66.0 

390. 

114. 

0.0 

0.0 

CO 

0. 

3. 

0.0 

0.0 

1955. 

<>. 

1988. 

11.9 

57.0 

124. 

148. 

0.0 

0.0 

0.0 

0. 

3. 

0.0 

31.1 

1958. 

2. 

1979. 

3.1 

41.0 

4555. 

59. 

0.0 

0.0 

0.0 

0. 

3. 

0.0 

0.0 

1955. 

3. 

-3. 

10.7 

58.0 

67. 

119. 

0.0 

2.7 

29.0 

1084. 

49. 

0.3 

3.0 

1965. 

2. 

1988. 

5.6 

33.0 

644. 

55. 

0.0 

0.0 

CO 

3. 

3. 

CO 

13.3 

1958. 

NUMBER  OF  CARDS  REPUNCHED- 
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Abstract 


A  regression  model  predicts  thinning  and  piling  costs  as  a 
function  of  the  degree  of  timber  basal  area  removed.  Thinning 
costs  are  related  to  basal  area  removed  noncommercially,  while 
piling  costs  are  related  to  total  basal  area  removals  including 
commercial  logging.  Sensitivity  analyses  indicate  that  the  piling 
predictive  models  are  representative  for  all  but  the  most  extreme 
conditions  of  slope  steepness  likely  to  be  encountered  in 
the  Southwest.  If  thinning  involved  removal  of  trees  larger  than 
8  inches  in  diameter,  cost  variability  may  be  greater  than  that  ac- 
counted for  by  the  thinning  model. 
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Cost  Analysis  of  Experimental  Treatments  on 
Ponderosa  Pine  Watersheds 

James   M.   Turner    and   Frederic    R.    Larson 


The  purpose  of  the  Beaver  Creek  Pilot 
Watershed  project  is  to  evaluate  the  effects  of 
vegetative  changes  on  water,  sediment,  soil, 
forage,  recreation,  and  wildlife  yields,  and  to 
determine  the  subsequent  risks  from  fire, 
insects,  and  disease.  Located  just  south  of  Flag- 
staff, Arizona,  this  project  is  currently  develop- 
ing multiple  use  production  data  for  alternative 
land  management  practices.  A  wide  range  of 
vegetation  treatments  have  been  experimentally 
tested  on  watersheds  in  both  the  juniper  and 
ponderosa  pine  zones. 

This  report  contains  an  analysis  of  treatment 
costs  in  the  ponderosa  pine  zone  to  provide 
relationships  for  economic  evaluations  and 
estimation  of  project  planning  costs.  The 
estimates  include  costs  of  precommercial 
thinning  and  slash  disposal,  by  Forest  Service 
crews  (force  account  work),  but  not  costs  of 
commercial  product  removals.  If  thinning  and 
piling  activities  are  to  be  accomplished  as  sale 
purchaser  work,  or  by  contract,  these  estimates 
will  also  be  useful  for  determining  contract 
costs. 

The  activities  and  costs  may  be  much  the 
same  as  those  required  for  present  operational 
management,  but  the  experimental  treatments 
are  more  extensive.  For  example,  where  budget 
limitations  restrict  present  management 
practices  to  slash  piling  in  fuelbreaks  only,  the 
experimental  treatments  to  date  involved  slash 
removal  wherever  timber  was  cut.  A  cost  model 
which  distinguishes  between  per-acre  thinning 
and  per-acre  piling  costs  is  thus  suitable  for 
both  experimental  and  present  management 
applications. 

The  system  for  collecting  cost  data  was 
designed  by  Worley  et  al.  (1965).  Two  papers 
have  been  published  summarizing  cost  factors 
in  the  juniper  vegetation  type  (Miller  and 
Johnsen  1970,  Miller  1971),  and  a  third  concerns 


the  clearcutting  of  ponderosa  pine  (Miller  and 
Larson  1973).  This  report  combines  data  from 
the  above  pine  clearcut  treatment  with  that  from 
four  other  treatments  to  form  a  basis  for  pre- 
dicting costs  for  operations  likely  to  be 
encountered  in  ponderosa  pine  watershed  treat- 
ments. These  five  treatments  encompass  a  wide 
range  of  configurations  and  degrees  of  vegeta- 
tion removal,  thereby  providing  a  good  cross 
section  of  activities  and  forest  conditions  which 
determine  cost. 

The  study  area  contains  cutover,  uneven- 
aged  stands  comprised  of  85  percent  ponderosa 
pine  and  15  percent  woodland  species,  primarily 
Gambel  oak  and  alligator  juniper.  Ponderosa 
pine  averaged  2,000  cubic  feet  in  volume  and 
110  square  feet  in  basal  area  per  acre. 

The  objectives  of  this  report  are  to: 

1.  Present  and  compare  costs  for  jobs  encoun- 
tered in  experimental  treatments  of  the 
southwestern  ponderosa  pine  vegetation 
type. 

2.  Develop  a  cost  prediction  model  for  experi- 
mental and  operational  applications. 

3.  Use  a  sensitivity  analysis  to  test  the  effects 
of  labor,  equipment,  materials,  slope  steep- 
ness, and  stand  density  on  treatment  cost. 


Summary  of  Treatment  Prescriptions 

Regular  1/3  Stripcut,  Watershed  9 
(1,121  Acres,  Treated  in  1968) 

Trees  were  cut  in  a  pattern  of  alternating 
cut  and  leave  strips  oriented  to  the  direction  of 
landslope.  The  cut  and  leave  strips,  60  and  120 
feet  wide,  respectively,  are  regular  in  shape  with 
few  or  no  irees  left  in  the  cut  strip.  The  leave 
strips  were  untreated,  so  only  one-third  of  the 
watershed  was  harvested  and  treated.  Saw  logs 


and  poles  were  harvested;  the  slash  was  piled 
in  windrows  in  the  cut  strips  and  burned 
dig.  1). 


Irregular  1/3  Stripcut,  Watershed  14 
(1,350  Acres,  Treated  in  1970) 

This  pattern  also  consists  of  alternate  cut 
and  leave  strips,  which  average  60  and  120  feet 
in  width,  respectively.  Width  of  the  clearcut 
strip  varied  as  much  as  50  percent  (±  30  feet) 
in  order  to  provide  an  esthetically  pleasing, 
irregular  pattern  of  elongated  openings.  The 
leave  strips  were  thinned  to  80  ft  *  basal  area 
in  a  manner  designed  to  improve  timber  pro- 
duction, while  at  the  same  time  retaining 
sufficient  density  to  encourage  trapping  and 
retention  of  snow  in  the  adjacent  cut  strips. 
The  harvest  included  saw  logs, poles, pulpwood, 
and  firewood.  The  slash  was  pushed  into  piles 
and  burned.  Spacers  of  uncut  trees  were  left  at 
intervals  in  the  cut  strips  to  break  up  visual 
continuity.  Gambel  oaks  under  15  inches 
diameter  at  breast  height  were  also  left  in  the 
cut  strips.  The  strips  were  generally  oriented  in 
the  direction  of  landslope  to  facilitate  water 
transport  into  stream  channels  (fig.  3). 


Figure  1. — The   regular  pattern  of  tut  strips 
on   watershed  9. 


Clearcut,  Watershed  12 
(455  Acres,  Treated  in  1967) 

This  treatment  required  complete  removal 
of  trees.  The  harvest  included  saw  logs  and 
poles.  All  slash  and  debris  were  windrowed  in 
such  a  way  as  to  trap  and  retain  snow,  and 
increase  the  watershed's  drainage  efficiency 
(fig.  2). 
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Figure   3,— The   cut   strips  of  varying  widths 
on   watershed  14, 


Figure  2.— The   clearcut   area 


and   slash  windrowed  to 


trap  and  retain  snow 


on  watershed  12. 


Irregular  1/2  Stripcut,  Watershed  16 
(252  Acres,  Treated  in  1971) 

This  treatment  is  similar  to  the  irregular 
1/3  stripcut,  except  that  both  cut  and  leave 
strips  were  60  ±  30  feet  in  width.  Again, 
Gambel  oak  and  spacers  of  ponderosa  pine  were 
left  to  break  up  the  continuity  of  long  cut 
strips.  Leave  strips  were  thinned  to  80  ft^  of 
basal  area  per  acre  to  encourage  timber  growth. 
The  harvest  included  saw  logs,  poles,  and  pulp- 
wood. 


Severe  Thin,  Watershed  17 
(300  Acres,  Treated  in  1969) 

After  severe  thinning,  the  remaining  stand 
consisted  of  even-aged  groups  of  ponderosa  pine 
with  crown  density  of  10  to  20  peix'ent,  and 
basal  area  of  25  ft^  per  acre.  In  addition  to 
the  pine,  5  to  10  ft'  per  acre  of  Gambel  oak 
were  left.  The  harvest  included  saw  logs  and 
poles;  slash  was  piled  in  strategically  arranged 
windrows  for  snow  trapping  and  retention,  and 
for  water  runoff  (fig.  4). 


Scope  and  Methodology 

The  data  collection  system  developed  by 
Worley  et  al.  (1965)  consisted  of  keeping  daily 
time  and  material  records  for  all  jobs,  such  as 
thinning.  The  data  are  daily  physical  measures, 
such  as  hours  of  labor,  hours  of  equipment 
rental,  gallons  of  paint,  rolls  of  flagging,  etc., 
by  job.  Physical  input-output  data  were  collec- 
ted rather  than  dollar  costs  and  returns  because 
it  is  easier  to  generalize  from  the  former.  The 
basic  physical  requirements  for  a  given  job  are 
constant,  and  when  multiplied  by  current  wage 
rates  and  unit  costs  yield  updated  dollar  cost 
estimates. 

The  approach  used  is  quite  similar  to  time- 
motion  analysis  aggregated  to  adaily  basis.  This 
strategy  was  chosen  because  the  variability  of 
conditions  in  the  woods  is  far  greater  than 
under  more  closely  controlled  plant  conditions. 
It  is  expected  that  widely  varying  factors  such 
as  soil,  slope,  and  stand  characteristics  do  affect 
treatment  costs,  and  a  later  section  explores 
these  sources  of  variation. 


Summary  of  Costs 

Each  watershed  treatment  is  separated  into 
operations,  or  jobs,  to  allow  detailed  examina- 
tion of   the   component   costs.    Individual  jobs 
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Figure  4. — A  severely  thinned  stand  on  water- 
shed 17.  Stands  were  thinned  to  a  residual 
basal  area  of  25  square  feet  per  acre. 


encountered  in  the  five  treatments,  in  order  of 
occurrence  and  by  watershed,  are  listed  in  table 
1.  The  component  costs,  consisting  of  super- 
vision, labor,  equipment,  and  materials,  ex- 
pressed on  a  per  unit  of  material  or  per  hour  of 
labor  and  equipment,  are  given  in  table  2. 

For  practical  purposes  a  distinction  is  made 
in  this  analysis  between  per-treatment-acre  and 
per-watershed-acre  costs.  Because  jobs  such  as 
thinning  are  not  applied  to  the  entire  watershed, 
costs  may  be  prorated  over  those  acres  actually 
treated  (per-treatment-acre  cost)  or  over  the 
entire  watershed  (per-watershed-acre  cost).  For 
detailed  analyses  of  each  job,  per-treatment-acre 
cost  is  appropriate  for  between-watershed  com- 
parisons  and  for  extrapolating   these  costs  to 


Table    1 . --Component    jobs    in    the    treatment    of 
five    Beaver    Creek   watersheds    (see 
summary   of    treatment    prescriptions 
for    descriptions    of  watershed 
t  reatments) 


Component    job 


Watershed-- 
9      12      ]h      16      17 


Road  and  strip  layout 

X 

X 

X 

Marking 

X 

X 

X 

Log  sale  administration 

X 

X 

X 

Pulp  sale  administration 

X 

Clearing  and  thinning 

X 

X 

X 

X 

X 

Si  ash  pi  1 ing 

X 

X 

X 

X 

X 

Slash  burning 

X 

X 

Chemical  application 

X 

Erosion  control 

X 

X 

Table  2. --Component  costs  adapted   for   this 

analysi  s 


Personnel 

ICJ 

GS  grade 

Hourly  rate^ 

1 

1 

$2.58 

1 

2 

2.93 

1 

3 

3.30 

1 

i» 

3.72 

1 

5 

'♦.IS 

i 

6 

'4.63 

i 

7 
8 

5.13 
5.68 

1 

9 

6.27 

.•J 

1 

Equi  pment 

Cost 

per  hour 

1 

TD-B'^O 

2 

7.'40 

TD-15 

2 

]k.3] 

D-6 

2 

13. '*2 

Al 

D-7 

2 

16.64 

i 

Rubber  t  i  red  dozer 

2 

8.59 

Chain  saw 

3 

.42 

Mist  b I  owe  r 

I* 

.30 

Materials 

Cost 

per  unit 

Flagging  (rol 1 ) 

5 

.22 

Paint  (gallon) 

5 

2.65 

Grass  seed  (pound) 

G 

.467 

Diesel  fuel  oil 

,  #2  (gallon) 

7 

.17 

Ponderosa  pine 

seedl ings 

(seedl ing) 

6 

.046 

Chemicals  (gall 

on) 

5 

.423 

GS   grades    taken    from  USDA   General    Sched- 
ule  5  U.S.C.    5332    (a)    at   step    1    level    plus    18 
percent   overhead   as   of  January    1972. 

^Written    communication    from  Roland    L. 
Barger,    Rocky   Mountain    Forest   and   Range    Exper- 
iment   Station.      Consists  of   fixed   and   variable 
costs   of  operation  without   the  operator. 

Obtained    from  Timber   Staff   Specialist    at 
the    Long    Valley    Ranger    District,    Coconino 
National    Forest. 

Based   on    chain    saw   cost   with   adjustments 
for    time   of   operation    and   maintenance. 

^Obtained   from   the   General    Services   Ad- 
ministration   supply  catalog. 

^Obtained    from  Coconino   National    Forest 
records . 

General    Services   Administration   price 
delivered   to  Happy   Jack,    Arizona. 


Other  types  of  treatments.  In  addition,  average 
per-watershed-acre  cost  was  computed  by  multi- 
plying each  job  cost  by  the  number  oi'  acres  per 
job  and  dividing  by  the  total  acres  in  the  water- 
shed. These  costs  are  provided  for  comparing 
total  treatment  costs: 


Watershed 

9 
12 
14 
16 
17 


Cost  less  travel 

$26.94 
79.95 
44.58 
66.79 
58.91 


The  predictive  models  developed  in  this 
paper  use  per-watershed-acre  units  because  the 
data  collection  system  recognizes  a  uniform 
treatment  pattern  applied  over  the  total  water- 
shed. On  a  per-treatment-acre  basis,  the  cleared 
strip  treatment  (watershed  9)  is  similar  to  the 
clearcut  (watershed  12).  However,  the  per-water- 
shed-acre treatment  cost  on  watershed  9  is  less 
because  only  one-third  of  the  area  was  treated, 
or  only  one-third  of  the  trees  per  acre  were 
removed. 

Table  3  presents  the  basic  physical  require- 
ments in  hours  of  supervision,  labor,  and  equip- 
ment for  each  job  and  watershed  on  a 
treated-acre  basis.  These  data  are  converted  to 
the  treated-acre  dollar  costs  in  table  4  by  apply- 
ing the  unit  costs  in  table  2.  Material  costs 
were  presented  directly  in  dollars  in  table  4 
because  the  variety  of  items,  such  as  rolls  of 
flagging  and  gallons  of  paint,  prevented  expres- 
sion in  common  units  and  because  materials  are 
a  small  percentage  of  total  cost. 

Tables  3  and  4  indicate  that  the  strip  layout 
jobs  on  watersheds  9,  14,  and  16  covered  a 
greater  percent  of  the  area  than  was  actually 
cleared.  This  is  due  to  crews  surveying  the 
total  watershed  for  proper  strip  placements. 

Major  patterns  discernible  from  table  4  in- 
volve the  two  largest  jobs:  clearing  and/ or 
thinning,^  and  slash  piling.  The  clearing  oper- 
ations on  watersheds  9  and  12  are  quite  consist- 
ent where  both  involve  100  percent  removals  on 
the  treated  acres.  Because  watersheds  14,  16, 
and  17  were  thinned  to  various  degrees,  how- 
ever, lesser  degrees  of  removal  were  involved 
on  a   treatment-acre   basis.  The  corresponding 


^In  this  report,  "clearing"  refers  to  complete  removal 
of  all  trees  and  "thinning"  refers  to  partial  tree 
removals.  It  should  be  noted  that  the  cleared  strips  in 
Watersheds  9,  14,  and  16,  and  the  Watershed  12  clearcut 
are  for  experimental  purposes,  and  do  not  reflect  current 
National  Forest  operational  cutting  practices  in  the 
South  ivest. 


Table  3-""Supervi sion ,  labor,  and  equipment  hours  required 
to  treat  five  Beaver  Creek  watersheds  (WS) 


Watershed  treatment  and  job 


Area 
treated 


Portion  of 

watershed 

treated 


Time  required  per  treated  acre 
Supervision   Labor   Equipment 


Acres 

WS-9:   REGULAR 

1/3  STRIPCUT  ]]h] 

Road  layout  3 

Strip  layout  11^1 

Log  sale  administration  219 

Clearing  cut  strips  338 

Slash  piling  285 

Slash  burning  1121 

Erosion  control  3 

WS-12:   CLEARCUT  455 

Clearing  cut  strips  455 

Slash  pi  1 ing  hh7 

Chemical  application  147 

WS-14:   IRREGULAR 

1/3  STRIPCUT  1350 

Strip  layout  1310 

Marking  1310 

Log  sale  administration  1310 

Pulp  sale  administration  460 

Clearing  and  thinning  1222 

Slash  pi  1 ing  1 157 

Slash  burning  1310 

Erosion  control  35 

WS-16:   IRREGULAR 

1/2  STRIPCUT  252 

Strip  layout  247 

Marking  247 

Log  sale  administration  247 

Clearing  and  thinning  247 

Slash  pi  1 ing  247 

WS-17:   SEVERE  THIN  300 

Marking  300 

Thinning  294 

Slash  pi  1 ing  257 


Percent 


100.0 


.3 

100.0 
19.2 
29.6 
25.0 
97.9 
.3 

100.0 

100.0 
98.2 
32.4 

100.0 

97.0 
97.0 
97.0 
34.1 
90.5 
85.7 
97.0 
2.6 

100.0 

98.0 
98.0 
98.0 
98.0 
98.0 

100.0 

100.0 
98.0 
85.7 


Hours 


0 

9.57 

0 

0.03 

.47 

0 

0 

1.01 

0 

1.87 

9.28 

8.74 

0 

2.64 

1.49 

.08 

.34 

.01 

0 

7.00 

0 

1.95 

9.07 

9.02 

0 

2.87 

1.33 

.88 

2.95 

2.02 

.33 

0 

08 

.33 

0 

27 

.20 

0 

13 

.07 

0 

35 

4.91 

3.91 

03 

1 .94 

1.67 

03 

.37 

.02 

42 

1.71 

0 

.33 

.58 

0 

.23 

.41 

0 

1.57 

.02 

0 

1.41 

5.72 

5.74 

.95 

1.38 

1.15 

.67 


.14 
8.39 
2.82 


.00 
.13 


Table  4 . --Treatment  costs  for  five  Beaver  Creek  watersheds  (WS) 


Watershed  treatment  and  job 


Area 
treated 


Portion  of 

watershed 

treated 


Treated-acre  cost 


Super- 
vi  s  ion 


Labor 


Equi  p- 
ment 


Material   Tota 


WS-9:   REGULAR 
1/3  STRIPCUT 

Road  layout 

Strip  layout 

Log  sale  administration 

Clearing  cut  strips 

Slash  piling 

Slash  burning 

Erosion  control 

WS-12:   CLEARCUT 

Clearing 
Slash  pi  1 ing 
Chemical  application 

WS-1'4:   IRREGULAR 
1/3  STRIPCUT 


WS-16:   IRREGULAR 
1/2  STRIPCUT 


WS-17:   SEVERE  THIN 

Mark  i  ng 
Th  inn  i  ng 
Slash  piling 


Acres 


\h] 


Percent 


100.0 


3 

•  3 

0 

S52.69 

0 

SO. 

84 

S53.53 

1  \k] 

100.0 

SO.  17 

2.65 

0 

05 

2.87 

219 

19.2 

0 

6.08 

0 

0 

6.08 

338 

29.6 

7.82 

34.55 

$3.67 

0 

46.04 

285 

25.0 

0 

9.85 

19.10 

0 

28.95 

1121 

97.9 

.^44 

1.29 

.13 

0 

1.86 

3 

.3 

0 

26.04 

0 

0 

26.04 

455 

100.0 

^♦55 

100.0 

7.62 

33.75 

3.79 

0 

45.16 

kk7 

98.2 

0 

10.72 

18.67 

0 

29.39 

147 

32.4 

4.52 

10.98 

.60 

2. 

22 

18.32 

1350 


100.0 


Strip  layout 

1310 

97.0 

0 

1.52 

0 

04 

1.56 

Marking 

1310 

97.0 

.41 

1.51 

0 

0 

1  .92 

Log  sale  administration 

1310 

97.0 

1.43 

.74 

0 

0 

2.17 

Pulp  sale  administration 

460 

34.1 

.71 

.28 

0 

0 

.99 

Clearing  and  thinning 

1222 

90.5 

1  .80 

18.27 

1  . 

64 

0 

21.71 

Slash  pi  ling 

1157 

85.7 

.18 

7.22 

12. 

41 

0 

19.81 

Slash  burning 

1310 

97.0 

.17 

1  .49 

15 

04 

1.85 

Erosion  control 

35 

2.6 

2.  19 

6.20 

0 

4. 

67 

13.06 

252 


00.0 


Strip  layout 

247 

98.0 

1.23 

1  .94 

0 

.11 

3.28 

Marking 

247 

98.0 

.86 

1.38 

0 

.24 

2.48 

Log  sale  administration 

247 

98.0 

5.86 

.10 

0 

0 

5.96 

Clearing  and  thinning 

247 

98.0 

5.26 

21.25 

2. 

41 

0 

28.92 

Slash  piling 

247 

98.0 

3.56 

6.76 

17. 

18 

0 

27.50 

300 


100.0 


300 

100.0 

0 

1.10 

0 

.03 

1.13 

294 

98.0 

2.47 

28.73 

3.36 

.50 

35.06 

257 

85.7 

0 

9.82 

17.52 

0 

27.34 

lower  costs  lor  clearing  and  thinning  on  these 
watersheds  suggest  a  direct  relationship  between 
cost  and  degree  of  timber  removals.  This  idea 
is  developed  further  in  the  predictive  models 
section. 

The  slash  piling  costs  are  similar  for  all 
watersheds  except  watershed  14,  where  piling 
costs  were  less.  Thirty-five  percent  of  watershed 
14  was  commercially  logged  for  pulpwood.  The 
commercial  removal  of  trees  8  to  11  inches 
d.b.h.  reduced  Forest  Service  costs. 

Finally,  it  should  be  noticed  that  travel  costs 
are  not  included.  Since  travel  costs  are  a  func- 
tion of  distance  or  time  required  to  reach  the 
working  site,  an  additional  means  of  estimating 
travel  cost  is  required.  Travel  costs  to  water- 
sheds 9,  12,  and  14  consistently  accounted  for 
about  14  percent  of  the  total  costs.  The  Beaver 
Creek  watersheds  were  an  hour's  drive  (round 
trip)  from  the  Ranger  Station,  so  that  traveling 
occupied  1/8  or  12.5  percent  of  a  working  day. 
The  similarity  between  the  two  percentages 
indicates  the  labor  intensiveness  of  the  water- 
shed treatments,  and  provides  a  rule-of-thumb 
for  rough  approximations  of  the  expected  pro- 
portion of  travel  cost  to  total  cost  if  distance  is 
known. 


Predictive  Models  (Regression) 

The  two  major  components,  cutting  (clear- 
ing and/ or  thinning)  and  piling,  are  basic  to 
any  watershed  treatment.  They  comprise  an 
acreage-weighted  average  of  88  percent  of  the 
total  treatment  costs  per  acre  for  all  watersheds. 
Cutting  and  piling  activities  are  thus  the  main- 
stay of  a  cost  predictor  where  costs  are  related 


to  timber  removals.  The  cutting  activities  are 
related  only  to  basal  area  removed  noncommer- 
cially.  On  the  other  hand,  the  piling  activity 
follows  both  the  commercial  logger  and  the 
thinning  crew,  so  piling  costs  are  related  to 
total  basal  area  removed  per  acre  from  the 
watershed. 

Table  5  contains  the  cutting  and  piling  costs 
per  watershed  acre  and  the  respective  rates  of 
timber  removals  per  watershed  acre  to  which 
they  apply.  In  most  cases,  the  commercial 
logging  operation  accounted  for  about  50  per- 
cent of  the  total  removals.  In  the  watershed  9 
stripcut,  for  example,  32  percent  of  the  total 
basal  area  was  removed  overall,  with  about  half 
of  that  being  removed  commercially.  However, 
a  concerted  effort  on  watershed  14  to  fully 
utilize  the  timber  through  the  sale  of  pulp  and 
cordwood  increased  the  commercial  share.  Thus 
the  proportion  of  commercially  valuable  timber 
depends  on  management  intensity.  Also,  sites 
of  differing  quality  may  have  differing  propor- 
tions of  commercially  usable  timber.  The  pro- 
portion will  also  vary  with  time. 

An  initial,  intensified  watershed  treatment 
removes  undesirable  trees  even  on  poor  sites, 
and  puts  the  stand  in  good  growing  stock  con- 
dition. Further  harvests  will  benefit  by  having 
greater  proportions  of  commercially  usable 
timber.  Hence,  it  is  not  only  desirable  but  nec- 
essary to  separate  the  cost  model  into  two 
parts,  cutting  and  piling  activities,  to  emphasize 
the  difference  between  commercial  and  noncom- 
mercial timber  removals.  Only  then  can 
differences  in  site  quality,  management  inten- 
sity, and  product  flows  over  time  be  incorporated 
into  the  cost  estimates. 


Table    5 . ""Summary   of    per"watershed-acre    cutting   and    piling    costs    vs.    basal    area    of    timber 

per   watershed   acre 


remova I s 


Treatmen  t 


Average 

noncommerci  a  1 

Average  total 

basal   area 

Cut t  ing 

basal   area 

Pi  1 ing 

removed/acre 

costs 

removed/acre 

costs 

(X) 

(Y) 

(X) 

(Y) 

WS"9:         REGULAR 
1/3    STRIPCUT 

WS"I2:      CLEARCUT 

WS-14:   IRREGULAR 
1/3  STRIPCUT 

WS-16:   IRREGULAR 
1/2  STRIPCUT 

WS-17:   SEVERE  THIN 


Ft' 

18 
56 

22 

36 

it? 


$13.64 
k5.  16 

19.65 

2C.35 
3^4.36 


Ft 

38 

105 

61 

78 
90 


$7.23 
28.87 

16.98 

26.95 
23.^2 


The  relationship  between  cutting  costs  and 
noncommercial  basal  area  removed  is  presented 
in  figure  5.  Correlation  analysis  obtained  a  co- 
efficient of  determination  (r^  )  of  0.98,  and  a  t 
test  showed  the  y  intercept  not  to  be  signifi- 
cantly different  from  the  origin  at  the  0.05  level 
of  significance.  On  the  assumption,  therefore, 
that  no  removal  incurs  no  cost,  the  line  is 
forced  through  the  origin.  The  relationship  C, 
=  0.79BA,  is  obtained  where  C,  is  cost  per 
watershed-acre  and  BA,  is  the  noncommercial 
basal  area  removed  per  watershed  acre.  This 
implies  that  it  costs  $0.79  to  cut  noncommercial 
trees  equivalent  to  1  ft^  of  basal  area  from  an 
acre. 

A  similar  relationship  was  found  for  piling 
costs  versus  total  removals  (fig.  6).  In  this 
case,  r^  is  0.88,  and  again  the  intercept  is  not 
significantly  different  from  zero  at  the  0.05  level. 
The  relation  is  Cj  =  O.28BA2  where  C^  is 
the  predicted  piling  cost  per  watershed  acre  and 
BA  2  is  total  basal  area  removed  per  watershed 
acre.  Again  this  implies  that  it  costs  $0.28  to 
pile  the  slash  accumulated  per  square  foot  of 
basal  area  removed  by  commercial  and  noncom- 
mercial operations. 

Both  basal  area  removals  and  costs  are  on 
a  watershed-acre  basis  and  the  regression  co- 
efficients are  the  average  cost  per  ft^  of  basal 
area  removed.  Since  the  regression  passes 
through  the  origin,  the  coefficients  are  also 
equal  to  the  average  cost  per  ft'  of  basal  area 
removed  on  a  treated-acre  basis. 

The  relationship  derived  thus  far  for  the 
sum  of  cutting  and  piling  costs  is  C  =  0.79BA, 
+  0.28BAj  .  An  operationally  suitable  model 
would  first  have  to  be  adjusted  for  the  12  per- 
cent of  miscellaneous  costs  such  as  sale  admin- 
istration, marking,  and  other  jobs.  Thus,  C  - 
1.12  (0.79BA,  +  O.28BA2  )  =  0.88BA,  + 
0.31BAj    . 

Typical  ponderosa  pine  stands  on  Beaver 
Creek  are  lightly  to  moderately  stocked.  Al- 
though isolated  patches  of  heavily  stocked 
stands  were  cleared  or  thinned  (notably  on 
watershed  14),  daily  cost  data  were  not  identified 
closely  enough  on  maps  to  determine  cost- 
stocking  relationships.  Further  research  is 
needed  to  verify  the  model  in  heavily  stocked 
stands,  although  no  significant  density-related 
economies  or  diseconomies  of  scale  were  noted. 

Additional  models  were  derived  from  data 
in  table  3  converted  to  a  per-watershed-acre 
basis  (table  6).  These  models  predict  man-hours 
(supervision  plus  labor)  and  equipment  hours 
for  the  cutting  and  piling  activities.  These  are 
useful  in  that  the  managers  are  able  to  estimate 
cost  from  wage  and  equipment  rental  rates  ap- 
propriate to  the  situation.  The  models  (figs.  7, 


Table    6. --Summary   of  man-    and   equipment-hour 
requirements    versus   average   basal 
area  of   timber    removals   per  water- 
shed  acre 


Average  basal 
area  removed/acre 


Treatment 


Noncom- 
merc  i  a  1 


Total 


Man- 
hours 


Equ  i  p- 

ment 

hours 


WS-9:   REGULAR 
1/3  STRIPCUT 

Cutting        18 

Piling  38 

WS-12:  CLEARCUT 

Cutting        56 

Piling  105 

WS-IA:  IRREGULAR 
1/3  STRIPCUT 

Cutting        22 

Pi  1 ing  61 

WS-16:  IRREGULAR 
1/2  STRIPCUT 

Cutting        36 

Piling  78 

WS-17:  SEVERE  THIN 

Cutting        kl 

Piling  90 


3.30 

.66 

2.59 
.37 

1  .02 
2.82 

9.02 
1.31 

'4.76 
1.69 

3.5^ 
1.A3 

6.99 
2.28 

5.63 
1.13 

8.88 
2.i*2 

7.8^4 
.97 

8)  are  all  linear  willi  inlcreepls  not  significantly 
different  from  7.ero  so  they  are  fitted  through 
the  origin. 

The  relationship  obtained  for  man-hours  of 
culling  time  versus  basal  area  removed  noncom- 
mercially  is  Mil,  =  0.20  BA,  (fig.  7).  Total 
predicted  man-hours  (MH,  )  is  composed  of  18 
percent  supervision  and  82  percent  labor  aver- 
aged over  all  watersheds.  The  equipment  hours 
(EH,  )  (fig.  7)  were  estimated  by  the  relation 
EH,  =  O.IOBA,  .  This  estimate  is  based  on  the 
use  of  medium-sized  power  saws  with  brush 
bars,  as  are  typically  used  by  Forest  Service 
thinning  crews. 

The  relationships  obtained  for  man-hours 
of  piling  time  (Mil 2  )  versus  total  basal  area 
removed  (fig.  8)  is  MH,  =  0.027BAj  .  For 
piling,  the  total  predicted  man-hours  is  com- 
posed of  10  percent  supervision  and  90  percent 
labor  averaged  over  all  watersheds.  The  equip- 
ment hours  (EHj  )  (fig.  8)  were  estimated  by 
the  relationship  EH,  =  O.OI2BA2  .  This  esti- ^ 
mate  of  equipment  hours  is  based  on  the  use  of  ^ 
medium-sized  crawler  tractors  (TD-15,  D6,  D7). 
The  use  of  other  machines  (Larson  and  Miller 
1973)  or  improved  equipment  and  methods  may 
change  the  relationship.  Watershed  14  was  ex- 
cluded from  the  equipment  hours'  prediction 
equation  because  a  very  intensive  slash  cleanup 
operation  was  prescribed  and  two  tractors  were 
used;  a  small  tractor  to  pull  slash  out  of 
thinned  stands   and  a  medium-sized  tractor  to 


\,0J 

to. 

1 

— \ 

1 

< 

CD 
00 
CM 
O 

O 

00 
00 
O 

\      •CD 

1 

\ 

o 

ro 


O 

CO 


O 


o 

^m 

OJ 

CS 

-4^ 

o 
■a 

o 

S3 

o 

X 

(NJ 

o 

u 

M— 

-^ 

bX3 

o 

TJ 

C 

CO 

> 

"5  ^ 

o 

e 

> 

s  o 

o 

CD 

1  •- 

O 

0)  a 

"o 

J,  « 

in 

_    :5 

o 

.2"-- 

o 

J3 

S  55 

^ 

— 

^  ^« 

o 

o 

'J 

1- 

^ 

o 

"oJ 

CVJ 

1. 

V 

;-i 
S 

M 
< 

m 

cvi 


Q  en 

\ 

O    00  -1 

'k,o 

\ 

\ 

ment  hours  = 

1                1 

•  \ 

X   '         Q. 

< 

\ 

\     5 
\     cr 

CD 

\ 

I    *> 

r- 

\ 

\ 
,       1 

CVJ 

\ 

* 

O 

•\ 

*  1 

o 

II 

CD     \ 
CD       \ 

\ 
\ 

CM 

O         \ 

\ 

X 

1'       \ 

^ 

CVJ                      \ 

\ 

11 

O) 

\      •  ^«     " 

k. 

\                    \ 

3 

\ 

o 

\                 \ 

.c 

\               \ 

c 

\              \ 

o 

\            I 

E 

1 

1 

\\ 

1               N 

o 

X) 

nn 

<u 

> 

o 

E 

(U 

O 

o 

Ci) 

cu 

CO 

^  _ 
o 

o 

t- 


c: 

a; 

s 

a. 

C/l 

3 

« 

a* 

»> 

V 

O 

"O 

s 

1) 

c 

« 

« 

0^ 

s 

« 

c 

C5 

cr 

c 

« 

oi  ja 

0) 

_^ 

S 

« 

o;  O 


f) 

bX) 

c 

fl 

o 

*"^ 

R 

•*4 

01 

0^ 

O 

1 

C/) 

i,4 

00 

3 

O 

01 

J3 

;-! 

3 

be 

^)  8J3D    p8qSJ8iDM  J8d  iSOQ 


ro  CO  — 

(SJnOq)  9J0D   p3qSJ8iDM  J8d  8UJ 


II 


CM, 


\ 

\  •— 

< 

CD 

- 

CC.\ 

cr> 
^- 
o 
II 

00 

cr> 
o 

II 

— \ 

1                1 

(A 

1 

\ 

\ 

\ 

o 

1 

CD 

S3 

O 

^ 

^H 

^ 

-3 

CJ 

S 

o  - 

CS 

in  — 

-4-t 

_>< 

t/i 

— 

O            • 

o 

O       !J1 

u 

^1 

5  s 

o  1 

^    1 

o 

3    ii 

o 

u    ^ 

c 

C3 

o 

C    0) 

O    c 

a>   t« 

ro  -o 

0)     CS 

> 

"Bis 

o 

aj    izi 

E 

^5 

o   >- 

'=-':3 

CM     o 

.—     CS 

<u 

";  ^ 

k- 

=*  i. 

o 

3    OJ 

"d 

.2  S 

</) 

ti   3 

2S 

^   ° 

IT) 


o 

ro 


(  g)  8J3D  p9LjSJ8|DM  J9d  ;S03 


cd 


3 
bX) 


-^ 

CS 

0^ 

p3 

CS 

3 

J3 

a" 

X 

Oi 

J2 

CS    « 


in  o  in 

(SJnOLl)   9J0D    p9L|SJ9iDM    J9d    9UJ|1 


s 

%^ 

'S 

01 

s 

c 

s 

3 

0 

01 

u 

0) 

3 

:S 

0 

j5 

0^ 

~ 

■3 

s< 

3 

•5 

CS 

i/i 

bJD 

c 

.^ 

-1* 

3 

0) 

0 

1:4 

k< 

1 

0 

rf) 

l>- 

CS 

rr 

> 

<u 

0 

^ 

3 
0 

s 

bXJ 

rS 

i^ 

pile  this  slash  plus  that  in  the  cut-strips.  Thus, 
some  slash  was  handled  twice  and  a  proportion 
of  the  area  was  covered  by  both  tractors. 

Tabulated  labor  and  equipment  hours,  for 
both  cutting  and  piling  operations  at  different 
levels  of  basal  area  removed  (table  7),  can  be 
used  in  lieu  of  the  predictive  equations  pre- 
sented on  page  8. 

Table  7.""Hours  per  acre  of  labor  and  equip- 
ment required  for  cutting  and  piling 
activities  as  a  function  of  basal 
area  removals 


Noncom- 

me  r  c  i  a  1 

basal  area 

removed 

(Ft^) 


Cutt  ing 


Labor  Equip- 
ment 


Total 
basa  I 
area 
removed 
(Ft^) 


Pi  1 ing 


Labor  Equip- 
ment 


5 

1.0 

0.8 

10 

0.27 

0.12 

10 

2.0 

1.6 

20 

.Sk 

.2k 

15 

3.0 

2.k 

30 

.81 

.36 

20 

k.Q 

3.2 

ko 

1.08 

.^48 

25 

5.0 

h.O 

50 

1.35 

.60 

30 

6.0 

'4.8 

60 

1.62 

.72 

35 

7.0 

5.6 

70 

1.89 

.84 

ko 

8.0 

e.k 

80 

2.16 

.96 

45 

9.0 

7.2 

90 

2.43 

1.08 

50 

10.0 

8.0 

100 

2.70 

1.20 

55 

11.0 

8.8 

no 

2.97 

1.32 

60 

12.0 

9.6 

120 

3.2^4 

].kk 

Sensitivity  Analysis 

Each  of  the  points  in  figures  5  and  6  is 
subject  to  wide  fluctuation.  It  was  anticipated 
that  the  sources  of  variation  would  be  many 
and  confounding.  Thus,  a  more  generalized 
indicator  of  cost  was  necessary  so  that  many  of 
these  underlying  sources  such  as  labor,  equip- 
ment, topography,  and  stand  characteristics 
would  average  out  over  a  large  watershed.  The 
degree  of  timber  removals  is  an  indicator  of 
average  cost.  The  variance  of  that  cost  is  a 
function  of  daily  variations,  which  in  turn  are 
related  to  the  above  sources  encountered  on  a 
given  day.  The  fact  that  the  relationships  ob- 
tained were  meaningful  indicates  the  merit  of 
this  approach. 

Possible  causes  of  cost  variation  were 
examined  by  sensitivity  analysis  to  judge 
whether  the  addition  of  these  causative  factors 
would  enhance  the  predictive  power  of  the 
model.  The  first  part  of  the  sensitivity  analysis 
is  devoted  to  the  influence  of  labor  productivity 
and  type  of  machinery  used  as  general  indicators 
of  variability  in  costs.  The  second  portion 
examines  probable  causes  of  variability  as  re- 
lated to  steepness  of  slope,  size  class,  and 
distribution  of  trees. 


Variation  in  Cost  Due  to  Labor  and  Equipmenl 

For  each  watershed,  data  were  collected  on 
a  daily  basis  for  all  labor,  equipment,  and  ma- 
terials inputs  (table  2).  This  information  was 
examined  by  sensitivity  analysis  to  determine 
daily  variability  within  and  between  watersheds. 
The  formula  used  for  this  analysis  was  developt'd 
by  Miller  (1971): 


Sensitivity  Index  (SI) 


Yi  Si 


D  (Yi  Si  ) 


where 

Yi    =  the  average  cost  per  acre,  and 

S,    =  the  standard  deviation  of  daily  costs  for  the 
i      component,  job,  or  watershed. 

The  entire  sensitivity  analysis  is  restricted 
to  the  cutting  and  piling  operations  and  their 
component  costs.  Tests  for  sensitivity  comparing 
jobs  within  each  watershed  indicate  that,  of  the 
total  variation  in  cost,  cutting  and  piling  on  the 
average  account  for  95  percent.  The  cutting  and 
piling  operations  are  also  common  to  all 
treatments. 

Tables  summarizes  the  sensitivity  analyses. 
Variation  around  total  cost  per  job  acre  (standard 
deviation)  is  a  measure  of  the  range  of  forest 
and  working  conditions  and  equipment  used.  In 
this  case,  the  variation  is  substantial.  A  compar- 
ison between  watersheds  indicates  where  cutting 
and  piling  costs  vary  most  relative  to  the  other 
watersheds. 

The  two  major  trends  indicated  clearly  by 
the  component  analysis  in  table  8  are  that  labor 
is  responsible  for  most  variation  in  the  cutting 
operation,  while  the  equipment  component 
varies  most  in  the  piling  operation.  In  the  case 
of  cutting  activities,  WS-9  shows  the  greatest 
variation.  This  may  be  due  to  slope,  since  WS-9 
has  more  rugged  terrain  than  the  other  water- 
sheds. Conversely,  WS-17,  with  relatively  flat 
contours  and  uniform  stand  composition,  has 
the  least  cutting  cost  variation. 

Commercial  pulpwood  harvesting  on  WS-14 
and  WS-16  not  only  decreased  cutting  costs  con- 
siderably, but  also  reduced  variability  of  cost 
for  cutting  operations  in  the  remaining  stands. 
Cost  variability  was  higher  when  cutting  trees 
8  inches  and  larger  in  diameter  (table  8)  because 
sawyers  used  power  saws  equipped  with  brush- 
cutting  bars  normally  used  for  routine  thinning 
work.  These  saws  are  unwieldy  for  felling 
larger  trees. 
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Table    8. --Sens i t i vi ty   analysis    for   clearinq,    thinning,    and    slash    piling   on    five   watersheds,    showing 
average    cost    per   job   acre,    standard    deviation    (SD) ,    and    sensitivity    index    (SI)' 


Su 

pervi  s  ion 

Labor 

Equipment 

Total 

Watershed 

Cost 

SD 

SI 

Cost 

SD 

SI 

Cost 

SD 

SI 

Cost^ 

SD 

SI 

Pet 

Pet 

Pet 

Pet 

WS-9:  REGULAR 

1/3  STRIPCUT 

Clearing 

$7.82 

$18.40 

9.9 

$34.55 

$37.60 

89.4 

$3.67 

$2.90 

0.7 

$46.05 

$53.80 

51. h 

Pi  1 ing 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

27.31 

17.30 

22.0 

WS-12:  CLEARCUT 

C leari  ng 

7.62 

5.90 

6.1 

33.75 

20.70 

92.9 

3.79 

2.10 

1.0 

45.16 

26.60 

27.8 

Pi  1 ing 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

29.40 

30.60 

42.0 

WS-U:  IRREGULAR 

1/3  STRIPCUT 

Thin  £  clear 

1  .80 

.80 

1.4 

18.27 

6.00 

97.9 

1.64 

.50 

.7 

21.73 

7.10 

3.6 

Pi  1 ing 

.18 

.80 

.1 

7.22 

3.70 

28.9 

12.41 

5.30 

71.0 

19.83 

8.70 

8.0 

WS-16:  IRREGULAR 

1/2  STRIPCUT 

Thin  &  Clear 

5.26 

2.20 

5.3 

21.25 

9.50 

93.5 

2.41 

1  .00 

1.2 

28.93 

12.80 

8.6 

Pi  1 ing 

2.85 

3.00 

3.1 

5.42 

4.80 

9.5 

16.08 

14.90 

87.4 

24.37 

20.70 

23.5 

WS-17:  SEVERE  THIN 

Thinn  ing 

2.47 

.60 

2.1 

28.73 

2.70 

96.7 

3.36 

.20 

1.2 

35.08 

3.20 

2.6 

Pi  1  ing 

13.64 

7.00 

4.5 

Note:      "--"  means   not   enough   data    for   sensitivity  analysis. 

All    sources    of    variation    accounted    for;    sensitivity    indexes    (SI)    add    to    100    percent    for    both 
within   watershed      and    between   watershed    comparisons. 

May   not    add    to    total    for    the    job    in    table    4    because    downtime,    a    valid   component    of   overall 
cost,    is    not    pertinent    to    the    sensitivity   analysis    and    is    not    included. 


Costs  vary  more  for  equipment  than  for 
labor  in  the  piling  jobs  (table  8).  Total  average 
costs  for  piling  are  consistent  between  water- 
sheds, but  variation  is  considerable;  the  sensi- 
tivity analysis  indicates  that  costs  on  WS-12  vary 
most.  Piling  costs  on  WS-12  varied  because  two 
different  crawler  tractors  and  a  rubber-tired 
dozer  were  used.  A  small  tractor  with  automatic 
transmission  and  hydraulic  dozer  was  twice  as 
efficient  as  the  large  tractor  with  manual  shift 
and  cable  dozer,  and  was  6  percent  more  effi- 
cient than  a  rubber-tired  dozer.  Costs  on  WS-12 
are  discussed  further  in  Miller  and  Larson  (1973). 


Variation  in  Cutting  Costs  Due  to 
Slope  and  Stand  Characteristics 

To  test  the  effects  of  slope  and  stand  char- 
acteristics, it  was  necessary  to  characterize  the 
daily  observations  by  type  of  terrain  and  stands 
encountered  that  day.  Work  progress  was 
mapped  by  units  which  required  up  to  2  weeks 
to  be  treated.  Physical  inventory  data  were  used 
to  characterize  each  working  unit,  and  the  daily 
costs   for    that    unit    were    averaged  as  being 


typical  of  those  inventory  conditions.  The 
working  units  were  classified  into  eight  strata 
on  the  basis  of  slope  and  number  of  trees  in 
two  aggregated  size  classes:  (1)  slopes  greater 
than  or  less  than  15  percent,  (2)  more  or  less 
than  50  trees  per  acre  in  the  8-  to  11-inch  diam- 
eter class,  and  (3)  more  or  less  than  750  trees 
per  acre  in  the  1-  to  11-inch  diameter  class. 
Stratification  thus  accounts  for  slope,  density, 
and  tree  size  class  distribution.  In  addition,  the 
two-stand  composition  criteria  emphasize  any 
cost  differences  when  a  thinning  or  slashing 
operation  requires  removal  of  larger  trees 
normally  removed  by  a  commercial  pulpwood 
operation.  Once  again,  only  the  cutting  and 
piling  activities  are  included  in  the  analysis. 
Pulpwood  harvesting  greatly  affected  costs 
by  leaving  only  a  stand  of  uniformly  small 
trees  for  thinning  crews.  WS-14  cutting  costs 
were  very  consistent,  and  the  sensitivity  index 
showed  evenly  distributed  variance  between 
strata  (table  8).  The  partial  pulpwood  sale  min- 
imized the  effect  of  stand  composition,  leaving 
only  the  effects  of  slope.  Because  costs  per  acre 
were  still  quite  consistent,  both  the  Beaver 
Creek  data  and  intuition  suggest  the  inclusion 
of  slope  as  a  variable  for  determining  cutting 
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costs  only  in  extreme  cases  where  slope  exceeds 
30  percent. 

Analysis  of  data  from  watersheds  9  and  12, 
which  did  not  have  pulpwood  sales,  showed 
that  cutting  costs  are  affected  by  the  number  of 
trees  with  diameters  exceeding  8  inches.  This 
implies  that  the  introduction  of  tree  diameter  as 
a  variable  helps  explain  variation  in  cost. 


Variation  in  Piling  Costs  Due  to 
Slope  and  Stand  Characteristics 

The  sensitivity  analysis  for  piling  costs  was 
not  conclusive.  It  was  thought  that  piling  activ- 
ities would  be  sensitive  to  slope,  but  the  per- 
acre  piling  costs  did  not  show  this  difference. 
The  sensitivity  index  varied  widely,  however, 
which  indicates  that  an  unexplained  factor, 
perhaps  type  and  maneuverability  of  the  dozer 
used  (Miller  and  Larson  1973),  is  still  causing 
variance. 

Sensitivity  Analysis  Summary 

The  sensitivity  analysis  identified  significant 
variation  in  daily  per-acre  costs  due  to  the  labor 
input  in  cutting  activities  and  the  machinery 
input  in  piling  activities.  Further  analysis  of  the 
cutting  operation  rejected  steepness  of  slope  as 
a  causal  factor,  and  showed  significance  only 
for  trees  exceeding  8  inches  in  diameter.  The 
analysis  for  the  piling  operation  was  unable  to 
distinguish  the  effect  of  slope,  and  there  were 
no  discernible  trends  to  suggest  ways  to  im- 
prove the  cost  model. 

Summary  and  Conclusions 

Forest  Service  costs  are  summarized  for  five 
experimental  watershed  treatments  in  Arizona 
that  differed  in  configuration  and  degree  of  tim- 
ber removals.  Data  from  the  five  watersheds  were 
used  to  develop  regressions  which  predict  man 
and  equipment  hours,  and  treatment  cost  as  a 
function  of  basal  area  removed.  Clearing  and 
thinning  costs  are  related  to  the  basal  area  re- 
moved noncommercially,  while  piling  costs  are 
related  to  total  basal  area  removals  including 
commercial  logging.  These  relationships  were 
then  expressed  as  man  and  equipment  hours  of 
cutting  and  piling  time  to  give  regressions  ex- 
pressed in  physical  constants  which  can  be 
updated  with  current  wage  and  equipment  oper- 
ation rates. 

The  use  of  basal  area  removals  as  an  indi- 
cation of  cost  implicitly  averages  out  a  number 
of  forest  conditions,  such  as  steepness  of  slope, 
which  might  affect  costs.  A  sensitivity  analysis 


was  performed  to  measure  the  extent  to  whic. 
this  averaging  occurs,  and  to  investigate  possibl 
avenues    for   refinement   of   the     model.     Thi 
analysis,  which  was  focused  on  the  variance  ii 
daily  input  requirements,  showed  that  each  o 
the  data  points  in  the  cost  relation  does  have  ; 
wide  range  of  variation.  It  also  revealed  signif 
leant  variation  in  daily  per-acre  costs  due  to  tli< 
labor    input    in   cutting   activities     and     the 
machinery    input   in   piling   activities.   Furlhei 
analysis  of  the  cutting  operation  rejected  steep 
ness  of  slope  as  a  causal  factor,  and  showedl 
significance  only  for  trees  exceeding  8  inches' 
in  diameter  which  normally  would  be  removed! 
commercially  for   pulpwood.   The   analysis   foi 
the  piling  operation   was   unable  to  isolate  a 
slope  effect,  and  there  were  no  discernible  trends 
to  suggest  improvement  of  the  cost  model. 

Additional  cost  data  from  heavily  stocked 
stands  with  high  rates  of  timber  removals  are 
needed  to  extend  the  model  over  the  range  of 
removals  likely  to  be  encountered  in  areas  out- 
side Beaver  Creek. 

A  conceptual  framework  has  been  provided 
which  explains  the  nature  of  watershed  treat- 
ment costs,  but  which  is  also  useful  for 
planning  purposes  as  well.  The  system  can  be 
applied  in  project  planning  where  costs  for 
timber  stand  improvement  work  must  be  esti- 
mated. Other  applications  include  cost  estimates 
in  evaluating  the  effectiveness  of  alternative 
timber  management  prescriptions  in  multiple- 
use  planning. 
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Jerome    S.    Horton    and    C.    J.    Campbel 


Human  impact  upon  the  vegetation  along 
the  streams  and  rivers  of  the  southwestern 
United  States  began  with  the  development  of 
relatively  stable  Indian  cultures  many  centuries 
ago.  This  impact  was  intensified  with  the  explor- 
ation and  development  of  the  Spanish  and 
Mexican  cultures.  However,  major  changes  came 
with  the  arrival  of  the  Anglo-American  pioneers 
who  began  to  develop  extensive  civilizations 
along  the  river  flood  plains  involving  the  re- 
moval of  trees  and  clearing  of  land  for  agricul- 
ture and  houses.  Diversion  of  water  from  the 
streams  and  livers  for  irrigation  created  water 
shortages  in  a  comparatively  short  time.  Large 
irrigation  projects  altered  the  water  regime 
along  the  rivers  and,  consequently,  the  phreato- 
phyte vegetation  occupying  flood-plain  zones. 
In  contrast,  man  changed  the  vegetation  along 
mountain  streams  only  in  meadows  and  the 
larger  valleys,  or  where  water  was  impounded 
by  dams  and  diverted  away  from  the  normal 
stream  channel. 

Soon  after  major  irrigation  systems  were 
developed,  the  problem  of  water  shortage  again 
became  paramount  in  the  minds  of  engineers 
and  planners.  Investigations  into  the  problem 
of  water  losses  were  started  in  southern  Cali- 
fornia during  the  dry  years  of  the  late  1920"s 
when  the  California  Division  of  Water  Resources 
(1930,  1933),  in  cooperation  with  several  U.S. 
Government  agencies,  started  research  to  deter- 
mine water  losses  from  moist-site  vegetation. 
This  work  included  lysimeter  or  tank  studies, 
riparian  reach  studies,  and  surveys  of  water- 
losing  areas  as  well  as  studies  of  irrigation 
losses.  This  same  extensive  cooperative  ap- 
proach was  used  in  surveys  carried  on  later  in 
New  Mexico  on  the  Rio  Grande  (National  Re- 


sources Committee  1938),  and  on  the  Pecos 
River  (National  Resources  Planning  Board  1942). 
These  early  studies  furnished  much  of  the  data 
used  by  Blaney  and  Criddle  (1962)  in  developing 
their  method  of  predicting  consumptive  use  for 
river  basins  and  flood  plains. 

The  U.S.  Geological  Survey  was  one  of  the 
first  agencies  to  become  intensely  interested  in 
research  in  water  losses  from  river  flood  plains 
of  the  Southwest  (Robinson  1958).  It  had  been 
concerned  with  this  problem  since  Meinzer 
(1923)  had  coined  the  word  "phreatophyte" 
from  the  Greek  meaning  "well  plant,"  and  wrote 
the  first  maj  or  article  dealing  with  phreatophytes 
in  the  Southwest.  USGS  work,  which  consisted 
of  many  detailed  studies  including  tanks,  reach 
studies,  surveys,  and  analysis  of  water  losses, 
has  continued  to  the  present.  The  U.S.  Bureau 
of  Reclamation  has  also  carried  on  or  sponsored 
extensive  research  in  determination  of  water 
losses  from  phreatophytes  to  aid  in  development 
of  their  action  programs. 

In  Arizona,  New  Mexico,  and  Texas,  the 
water  losses  along  the  rivers  became  of  particu- 
lar interest  as  the  introduced  saltcedar  (Tamarix 
chinensis  Lour.^  )  spread  vigorously  in  the 
reservoir  deltas  and  along  the  major  rivers.  This 
spread  was  viewed  with  considerable  alarm,  and 
efforts  were  made  to  develop  methods  of  control. 
The  research  approach  was  twofold:  (1)  to 
initiate  studies  to  evaluate  water  losses  to  deter- 
mine if  clearing  programs  could  be  justified, 
and  (2)  to  develop  means  of  controlling  salt- 
cedar.  In   many  cases,  this  research  was  done 


The  authorti  agree  iril/i  liaiiiii  (1967)  in  rejecting  the 
use  of  the  name  Tamarix  pentandrd  ( Pa/I. )  for  Nalteedar. 


Phreatophyte   vcgctution   growing  along  the  Salt  Rivet  neai    Granite   Reef   Dam.Aiizona: 
1  .     Tamarisk  and  associated  seepwillow  on  the  3.     Cattail  iTypha  spp.). 

islands  and  along  the  river  in  the  foreground.  4.     Mesquite. 

2.     Tamarisk  and  Bermudagrass,  in  the  old  3.     Arrowweed. 

river  channel  parallel  to  the  road.  6      Cottonwood. 

7.     Desert  scrub. 


hviniedly  without  sul'licient  sai'eguards  to  insure 
reliable  data.  While  much  of  the  data  indicate 
the  magnitude  of  water  losses,  they  did  not 
give  the  information  needed  for  accurate  appli- 
cation to  irrigation  planning  and  control  meas- 
ures, or  to  adequately  assess  other  management 
alternatives. 

In  response  to  the  needs  for  more  detailed 
research  in  the  riparian  and  phreatophyte  zones 
of  the  Southwest,  a  project  was  set  up  in  1955 
by  the  Rocky  Mountain  Forest  and  Range  Ex- 
periment Station  (USDA  Forest  Service)  at 
Tempe,  Arizona,  to  intensify  the  study  of  (1) 
ways  of  measuring  and  evaluating  water  losses 
from  the  different  species  in  moist-site  vegeta- 
tion, and  (2)  the  ecological  relationships  of 
moist-site  vegetation  to  develop  optimum  man- 
agement procedures. 


For  many  years,  flood-plain  management 
consisted  of  attempts  to  control  or  completely 
eliminate  undesirable  phreatophytes  for  water 
salvage,  even  though  some  thoughts  were  given 
to  other  resource  uses  (Bowser  1952).  More 
recently,  interest  has  increased  in  preservation 
or  development  of  the  wildlife,  recreation,  and 
esthetic  values  of  these  areas.  It  therefore  be- 
comes increasingly  important  to  determine  the 
effects  of  phreatophyte  clearing  upon  the  other 
resources  involved.  We  can  no  longer  justify 
rather  casually  the  clearing  and  destruction  of 
phreatophyte  vegetation  to  save  water. 

Thus,  much  more  detailed  information  is 
needed  on  the  actual  evapotranspiration  losses 
from  individual  plants  and  from  different  types 
of  phreatophyte  cover,  as  well  as  on  the 
ecology    and    life   history   of    the     important 


species.  Alternate  management  practices  must 
also  be  known  to  properly  manage  these  areas 
for  optimum  use  of  all  resources  inherent  in 
phreatophyte  vegetation. 

The  value  of  riparian  vegetation  along 
mountain  streams  is  rapidly  increasing  for 
various  resource  uses,  particularly  those  related 
to  recreation.  Careful  management  to  allow  for 
increased  use  without  deterioration  of  the  vege- 
tation or  water  quality  is  imperative  in  many 
areas.  Measures  to  prevent  excessive  flood 
damage,  trampling  of  streamsides,  and  water 
pollution  are  examples  of  the  problems  facing 
managers  of  this  zone. 


MEASUREMENT   AND    EVALUATION   OF 

WATER    LOSSES   FROM   MOIST-SITE 

VEGETATION 

The  need  for  proper  evaluation  of  water 
losses  from  moist-site  vegetation,  and  of  the 
possibilities  of  water  salvage  by  vegetation 
removal  or  manipulation,  require  research  aimed 
not  only  at  determining  water  losses  from 
individual  plants  under  different  environmental 
conditions  but  also  at  evaluating  stream-reach 
losses  and  the  effect  of  vegetation  removal. 

Measurements  of  evapotranspiration  losses 
from  individual  plants  started  many  years  ago, 
often  using  plants  grown  in  containers.  Most  of 
these  early  studies  were  limited  in  scope.  With 
time  and  experience  the  containers  became  more 
refined  and  detailed,  until  very  elaborate  lysim- 
eters  were  built  which  measured  changes  in  the 
environment  and  in  soil  water.  However,  because 
it  has  long  been  recognized  that  plants  in  con- 
tainers are  not  growing  naturally,  many  other 
methods  have  been  tried  to  determine  actual 
transpiration  losses  from  the  individual  plant  or 
cut  shoot.  For  instance,  the  plastic  evapotranspi- 
ration tent  was  developed  to  measure  water 
losses  from  the  phreatophytes.  Also  in  recent 
experiments,  the  Scholander  pressure  chamber 
"bomb"  has  been  used  in  riparian  vegetation  as 
an  indicator  of  water  availability.  The  bomb, 
however,  does  not  measure  transpiration  losses. 

Values  of  many  of  these  approaches  for 
measurement  and  evaluation  of  water  losses 
from  moist-site  vegetation  have  been  discussed 
by  the  Pacific  Southwest  Inter-Agency  Commit- 
tee (1966). 

Tanks  and  Evapotranspirometers 

The  first  major  studies  to  determine  water 
losses  from  specific  moist-site  wildland  species 
were  done  by  the  use  of  metal  cylindrical  tanks 
varying  from  2  to  10  ft   in  diameter,  depending 


on  the  species  to  be  studied.  In  all  cases,  these 
tanks  were  maintained  with  a  specified  water 
table  varying  from  2  to  6  ft  below  the  soil 
surface,  again  depending  on  the  objectives  of 
the  study  and  the  species  to  be  used. 

Plants  grown  in  small  tanks  may  respond 
very  differently  from  mature  plants  in  the  field. 
They  are  subject  to  very  different  environmental 
conditions  which  affect  the  water-loss  readings. 
Unfortunately,  these  tank  data  are  all  that  are 
available  for  many  species  under  different  cli- 
matic and  water-table  depth  conditions. 

The  studies  started  by  the  California  Division 
of  Water  Resources  in  1927,  using  willow, 
cattails,  and  several  species  of  grasses  and 
rushes,  showed  that  water  losses  from  these 
riparian  plants  may  be  equal  or  greater  than 
evaporation  as  measured  from  a  Weather  Bureau 
pan  close  by  (Young  and  Blaney  1942).  Use  of 
water  increased  markedly  as  depth  to  the  water 
table  decreased.  One  of  their  studies  demon- 
strated that  tanks  should  not  be  isolated  and 
thereby  receive  advected  heat  from  the  side 
(Taylor  and  Nickle  1933).  Tules  (cattails)  grown 
in  an  isolated  tank  lost  about  three  times  as 
much  water  as  those  in  a  tank  placed  in  a 
dense  cover  of  the  same  species.  This  fact  was 
not  always  considered  in  later  studies  or  in  the 
evaluation  of  the  tank  data  relative  to  water 
losses  from  river  reaches. 

The  extensive  survey  of  water  resources 
and  water  losses  carried  out  cooperatively  in  the 
Upper  Rio  Grande  during  the  middle  1930's 
(Blaney  and  others  1938)  included  tank  studies 
of  many  agricultural  crops  and  some  marshland 
species  but  no  true  phreatophyte  or  riparian 
species. 

The  Pecos  River  survey  in  1939-40  included 
tanks  that  were  planted  to  saltcedar,  sacaton 
(Sporobolus  airoides),  and  saltgrass  (Distichlis 
stricta)  at  Carlsbad,  New  Mexico  (Blaney  and 
others  1942).  This  installation  used  small  metal 
tanks  large  enough  for  only  one  saltcedar  shrub 
and  not  well  buffered  from  the  influences  of 
radiation  and  wind  from  the  sides.  There  was 
no  replication  and  the  study  was  run  for  only 
one  season  which  did  not  allow  sufficient  time 
for  development  of  the  shrubs. 

The  flood  plain  of  the  upper  Gila  River, 
Graham  County,  Arizona,  was  studied  first  by 
Turner  and  Halpenny  (1941)  of  the  U.S.  Geo- 
logical Survey  who  established  tanks  near 
Safford,  planted  to  saltcedar  and  seepwillow 
(Baccharis  glutinosa).  More  shrubs  were  used 
in  each  tank  but  they  were  not  well  buffered 
and  were  operated  for  only  one  season. 

A  second  and  more  extensive  study  of  the 
upper  Gila  River  by  the  same  agency  included 
a   detailed   tank   study   established  at  Glenbar, 


Arizona  (Gatewood  and  others  1950).  These 
tanks  had  large  single  shrubs  planted  in  dupli- 
cates at  different  water-table  depths.  The 
readings  during  the  first  year  are  very  compara- 
ble to  the  Carlsbad  readings.  During  the  second 
year,  however,  growth  was  vigorous  and  the 
water  losses  were  very  high,  probably  much  too 
high  for  typical  saltcedar.  Unfortunately,  the 
study  was  terminated  by  flooding  at  the  end  of 
the  second  summer.  The  vigorous  second-year 
growth  plus  some  increased  radiation  received 
by  partially  exposed  tanks  probably  make  these 
readings  of  water  loss  too  high. 

Due  to  the  relatively  small  size  and  known 
inaccuracies  of  the  metal  tanks,  large  plastic- 
lined  evapotranspirometers  were  designed  and 
built  to  study  water  losses  from  phreatophytes. 
A  block  of  soil  was  excavated  in  alluvium  meas- 
uring about  1,000  ft^  in  surface  area  and  8  to 
15  ft  deep.  The  hole  was  lined  with  heavy 
plastic.  Various  means  were  added  to  measure 
the  water  depth,  and  to  allow  pumping  and 
draining  of  contained  water  if  desired.  After 
these  controls  were  installed,  the  tank  was 
filled  with  the  excavated  soil. 

The  large  area  of  the  research  installation 
and  the  ability  to  completely  buffer  the  study 
plants  to  a  large  extent  removed  the  problem 
of  isolation.  The  elaborate  method  of  adding 
water  to  the  water  table  to  compensate  for 
evapotranspiration  allowed  accurate  operation 
and  data  collection  without  disturbance  of  the 
plant  cover.  The  greater  depth  of  soil  and  the 
longer  study  period  produced  a  more  mature 
cover  and  a  more  representative  simulation  of 
natural  conditions.  The  greatest  difficulty  en- 
countered was  the  accumulation  of  salt  in  the 
water  table  which,  unexpectedly,  greatly  reduced 
growth  and  water  losses. 

The  first  of  these  large  plastic-lined  tank 
installations  was  built  in  1959  for  saltcedar 
studies  at  Buckeye,  Arizona,  by  the  Geological 
Survey  in  cooperation  with  the  Bureau  of  Rec- 
lamation (van  Hylckama  1974).  No  records  of 
evapotranspiration  loss  were  published  until 
the  third  growing  season.  At  this  time,  the 
cover  was  nearly  mature  and  beginning  to  reach 
the  pattern  of  vigorous  spring  growth  and  a 
more  or  less  dormant  summer  period.  The 
readings  in  the  Buckeye  tanks  show  a  very 
definite  relationship  of  depth  to  water  table. 
Saline  conditions  in  the  ground  water  were 
concluded  to  have  reduced  the  evapotranspira- 
tion losses  very  markedly. 

Another  set  of  large  plastic-lined  tanks  was 
built  in  1961  for  saltcedar  studies  by  the  Bureau 
of  Reclamation  near  Bernardo,  New  Mexico  (Pa- 
cific Southwest  Inter-Agency  Committee  1962). 
These    evapotranspirometers     were    designed 


to  control  the  difficulties  caused  by  increased 
salt  contents  in  the  soil  water.  They  were 
flushed  yearly  to  reduce  salt  effect  from  accu- 
mulations in  the  ground  water.  The  Bernardo 
tanks  show  a  different  water  loss  water-table 
depth  relationship,  which  appears  to  contradict 
some  of  the  other  studies.  The  3-ft  water-table 
tanks,  (2  ft  less  than  the  shallowest  Buckeye 
tank)  showed  rather  consistently  a  reduction 
not  only  in  water  loss  but  also  in  the  develop- 
ment of  a  vegetation  cover  (personal  communi- 
cation. Bureau  of  Reclamation,  Albuquerque, 
New  Mexico). 

One  interesting  result  of  the  Bernardo  study 
was  the  reaction  of  the  plants  to  a  water-table 
change  from  a  5.6-ft  depth  down  to  9  ft.  When 
the  water  table  was  dropped  rapidly  by  pumping, 
the  amount  of  water  loss  was  almost  cut  in 
half.  In  the  next  year,  however,  the  root 
system  apparently  recovered  and  even  at  the 
9-ft  depth  it  was  using  nearly  as  much  water  as 
it  had  at  the  shallower  depth.  The  tank  in 
which  the  water  table  was  lowered  by  plant 
water  use  showed  a  less  dramatic  reaction. 

The  Bernardo  tanks  appear  to  demonstrate 
the  shallow  water-table  depths  are  not  optimum 
for  tamarisk,  and  that  when  the  root  system  is 
developed,  the  water  loss  from  the  deeper  water 
tables  may  be  very  close  to  losses  from 
shallower  depths  if  the  ground  water  is  reason- 
ably free  of  excess  salt. 

There  were  two  other  Geological  Survey 
evapotranspirometer  installations  —  one  at 
Yuma,  Arizona,  which  studied  arrowweed 
(Pluchea  sericea),  saltbush  (Atriplex  sp.) ,  and 
Bermudagrass  (Cvnodcn  dactylon)  (McDonald 
and  Hughes  1968)  and  one  near  Winnemucca  in 
northern  Nevada  which  used  Great  Basin  wet- 
land species  (Robinson  1970).  The  results  of  the 
latter  are  not  considered  applicable  in  the 
phreatophyte  areas  of  the  Southwest. 

Based  on  the  tank  data,  a  mature,  dense, 
unbroken  stand  of  saltcedar  growing  in  the 
Buckeye  area  without  excessive  salts  in  the  soil 
will  utilize  6  to  7  ft  of  water  per  year.  At  the 
elevation  of  Glenbar  and  Safford,  Arizona,  the 
figure  is  probably  in  the  neighborhood  of  5  to 
6  ft  per  year.  At  Carlsbad,  the  water  loss  is 
probably  about  the  same  or  slightly  less.  At  the 
higher  elevations  of  Bernardo,  the  annual  water 
losses  would  be  about  4  or  4.5  ft. 

These  figures  are  not  conclusive,  of  course, 
but  they  are  reasonably  consistent.  These  losses 
are  for  dense,  mature  saltcedar  which  usually 
constitutes  a  relatively  small  proportion  of  a 
flood-plain  area.  As  the  vegetation  is  reduced, 
the  water  losses  are  likewise  reduced,  so  that  a 
comparatively  small  portion  of  a  flood  plain 
would  consume  these  high  amounts  of  water. 


All  studies  comparing  grass  with  saltcedar 
used  tanks  maintained  at  shallow  water-table 
depths.  At  these  depths  the  water  loss  includes 
a  large  percentage  of  evaporation  from  the  soil. 
Saltcedar  growing  where  the  water  is  close  to 
the  surface  does  not  mature  into  a  vigorous 
stand.  Likewise,  grass  does  not  develop  at  water 
tables  optimum  for  saltcedar  growth.  Thus, 
direct  comparisons  are  difficult. 

In  conclusion,  these  tank  data,  in  spite  of 
their  weaknesses  and  perhaps  inaccuracies,  are 
the  most  detailed  that  are  available  on  water 
losses  from  saltcedar.  In  other  vegetation  types, 
measured  water  losses  from  the  tanks  have  been 
carefully  compared  with  losses  computed  by 
various  energy-budget  and  other  types  of 
approaches  (van  Bavel  1966).  These  results  show 
that  a  carefully  controlled  tank  or  lysimeter  is 
the  only  way  known  at  present  to  accurately 
and  completely  measure  the  water  losses  from 
a  plant  or  group  of  plants  (Harrold  1966).  Con- 
sequently, unless  newer  techniques  prove  satis- 
factory, use  of  the  tank  approach  will  continue 
to  be  desirable  if  more  detail  is  necessary  on 
the  actual  water  losses  from  phreatophyte  vege- 
tation. Carefully  designed  instrumentation  may 
produce  better  and  faster  results  at  less  cost  in 
the  long  run  than  initially  cheaper  and  less 
accurate  types  of  research  efforts. 

Application  of  Tank  Moisture-Loss  Data 

Tank  data  were  often  used  directly  to  esti- 
mate water  losses  from  flood  plains  (National 
Resources  Committee  1938,  National  Resources 
Planning  Board  1942,  Gatewood  and  others  1950). 
Because  the  tank  data,  however,  were  only  for 
a  limited  set  of  conditions,  it  was  reasoned  that 
water  loss  could  be  predicted  from  any  area  if 
values  and  vegetation  response  were  known. 
For  many  years,  attempts  have  been  made  to 
predict  moisture  losses  solely  from  environ- 
mental factors.  Essentially  these  approaches 
utilize  a  basic  formula  which  states  the  relation- 
ship of  evaporation  of  water  to  energy  from  the 
sun.  Some  of  these  formula  approaches  are  very 
simple  and  include  only  temperature  and  day 
length.  Later  formulas  use  additional  factors 
such  as  humidity,  wind  movement,  radiation, 
and  vegetation  response  (Criddle  1966,  Jensen 
1966,  Cruff  and  Thompson  1967). 

Probably  the  most  widely  used  approach, 
especially  in  river  basin  studies  in  the  West,  is 
the  Blaney-Criddle  formula  (Blaney  1952a,  1952b; 
Blaney  and  Criddle  1962).  Essentially  it  is  similar 
to  other  formulas  (Thornthwaite  and  Mather 
1957,  Penman  1963),  but  requires  a  crop  or 
vegetation  factor  (K)  as  well  as  information  on 
temperature  and  day  length.  As  originally  pre- 


pared by  Blaney  and  Morin  (1942),  humidity 
was  also  used  but  this  factor  was  dropped  in 
the  more  recent  applications.  The  energy  factor 
is  computed  from  temperature  and  day  length. 
The  vegetation  factor  (K)  varies  with  such 
factors  as  species,  percentage  of  cover,  and 
season;  to  a  large  extent  it  is  based  upon  data 
from  tank  studies.  The  Blaney-Criddle  method 
has  many  of  the  weaknesses  of  the  other 
empirical  formulas  but  it  is  simpler  and,  if 
vegetation  data  are  available,  predictions  are 
usually  closer  to  the  actual  water  loss  than  by 
any  other  formula.  Rantz  (1969)  improved  the 
applicability  of  this  formula  to  phreatophyte 
areas. 


Evapotranspiration  Tent 

Very  little  work  has  been  done  with  the 
measurement  of  transpiration  directly  from 
phreatophyte  plant  parts,  with  the  exception  of 
the  development  and  use  of  the  evapotranspira- 
tion tent.  This  method,  developed  by  the  USDA 
Forest  Service  at  Tempe,  Arizona,  was  used 
first  as  a  laboratory  procedure  for  measuring 
the  transpiration  of  potted  plants  under  con- 
trollejd  light,  humidity,  and  temperature  (Decker 
and  Wetzel  1957).  Air  was  forced  into  the  cham- 
ber c'pntaining  the  plant  and  the  change  in 
humidity  between  the  inlet  and  the  outlet  was 
measured  by  an  infrared  gas  analyzer  which 
served  as  an  accurate  hygrometer.  This  method 
worked  very  well  in  the  laboratory  under 
uniforpn  temperature  and  light  conditions. 

A  field  apparatus  was  developed  with  a 
frameljess  cylindrical  10-  by  10-ft  tent  made  of 
transparent  plastic  film.  This  film  was  thrown 
over  the  plant  and  inflated  by  ventilating 
blowers.  The  humidity  of  the  airstream  entering 
and  leaving  the  tent  was  again  measured  with 
the  infrared  analyzer,  which  was  later  replaced 
with  a  more  simple  hygrometer.  Field  observa- 
tions were  made  along  the  Salt  River  near 
Granite  Reef  Dam,  Arizona,  on  transpiration 
rates  of  isolated  shrubs  of  tamarisk  surrounded 
by  Bejrmudagrass  sod.  Evapotranspiration  of 
tamartsk-Bermudagrass  stands  increased 
linearly  with  the  amount  of  tamarisk,  with  the 
larger  .shrubs  using  two  to  three  times  as  much 
water  ,as  Bermudagrass  sod  (Decker  and  othei's 
1962).  i 

Campbell  (1966)  compared  undisturbed 
tamarisk  shrubs  in  a  high  water-table  grassy 
site  with  those  cut  at  1  ft  from  the  ground,  and 
found  i'hat  evapotranspiration  decreased  approx- 
imately, 50  percent  due  to  cutting.  These  results 
are  similar  to  those  from  the  shorn  Buckeye 
tanks  reported  by  van  Hylckama  (1970). 


The  artificial  microclimate  formed  by  the 
enclosed  evapotranspiration  tent  became  ap- 
parent in  a  study  on  the  Gila  River  west  of 
Safford,  Arizona;  mesquite  (Prosopis  juliflora) 
and  tamarisk  shrubs  growing  with  deep  water 
tables  were  defoliated  after  8  hours  inside  the 
evapotranspiration  tent.  This  indicated  a  very 
serious  enclosure  effect  which  had  not  been 
apparent  in  the  Salt  River  studies  where  high 
water  tables  and,  therefore,  sufficient  surplus 
water  kept  the  plants  alive.  Mace  (1968)  rede- 
signed the  evapotranspiration  tent  to  increase 
the  amount  of  ventilation  because  he  deter- 
mined that  the  serious  enclosure  effect  was 
due  in  part  to  poor  ventilation  inside  the  tent 
rather  than  entirely  to  the  greenhouse  effect  of 
the  plastic.  However,  there  is  still  a  serious 
question  about  the  use  of  the  evapotranspiration 
tent  and  its  effectiveness  in  determining  rates 
of  water  loss  in  the  field,  even  though  Decker 
and  others  (1962)  felt  that  the  enclosure  effect 
would  be  more  or  less  similar  when  rates  of 
transpiration  between  species  were  being  com- 
pared. The  enclosure  effect  has  been  questioned 
by  Lee  (1966)  and  again  by  Mace  and  Thompson 
(1969). 

Sebenik  and  Thames  (1967)  used  the  tent 
modified  by  Mace  in  1966  to  measure  evapotran- 
spiration from  tamarisk  on  the  San  Pedro  River. 
Their  water-loss  figures  are  among  the  highest 
published,  probably  due  in  large  part  to  the 
enclosure  effect. 

As  a  result  of  these  studies,  the  evapotran- 
spiration tent  is  not  now  recommended  until 
the  enclosure  effects  have  been  critically 
evaluated. 

Heat-Pulse  Meter 

Swanson  (1962)  helped  develop  instrumenta- 
tion for  detecting  the  movement  of  sap  in  the 
stems  of  conifers.  A  correlating  run  with  the 
evapotranspiration  tent  (Skau  and  Swanson 
1963,  Decker  and  Skau  1964)  indicated  sap  flow 
might  possibly  be  used  to  measure  the  rate  of 
transpiration.  One  difficulty,  and  as  yet  unre- 
solved, is  the  determination  of  the  amount  of 
moisture  moving  upwards  in  the  stream  of  water 
because  the  instrument  records  only  the  rate  of 
movement,  not  the  amount  which  is  flowing. 
Unfortunately,  the  heat-pulse  meter  is  better 
adapted  to  use  in  conifers  than  in  hardwood 
species  because  of  the  greater  homogeneity  of 
wood  of  conifers,  but  by  using  more  sampling 
points,  the  technique  was  thought  to  be  appli- 
cable to  measurement  of  sap  flow  in  hardwood. 
Forest  Service  results  indicate,  however,  that 
variability  of  sap  flow  is  too  great.  Sap  velocity 
in  mesquite  is  highly  variable  from  hour  to 


hour,  and  appears   to  lag  actual  transpiration 
well  into  the  night. 

Because  of  these  environmental  influences 
and  apparent  inherent  variability  of  sap  flow  it 
can  be  concluded  that  in  mesquite,  and  perhaps 
in  all  hardwoods,  techniques  of  integrating  a 
number  of  sap-velocity  measurements  in  the 
cross  section  of  a  trunk  are  too  crude  to 
warrant  interpretations   of  transpiration  rates. 

Pressure  Chamber 

Considerable  work  has  been  reported  in 
recent  years  on  techniques  for  determining 
moisture  stress  in  plants.  The  use  of  the  pres- 
sure-bomb technique  in  watershed  management 
research  is  now  being  evaluated  by  the  Forest 
Service.  The  pressure  bomb  (Scholander  and 
others  1964,  1965;  Boyer  1967,  Kaufmann  1968) 
appears  to  be  an  effective  field  and  laboratory 
method  for  determining  an  index  of  leaf-water 
potential  and  internal  water  stress  of  some 
plants.  The  technique  consists  of  placing  a  leafy 
shoot,  or  single  leaf,  inside  a  steel  chamber 
with  the  cut  end  exposed  to  the  atmosphere. 
Pressure  of  dry  nitrogen  is  increased  within  the 
chamber  until  xylem  sap  begins  to  bubble  out 
from  the  cut  end,  at  which  time  the  pressure  is 
recorded.  This  technique  is  particularly  suited 
to  field  conditions  because  of  rapidity  of  meas- 
urements, and  low  cost  and  dependability  of 
equipment  (Waring  and  Cleary  1967).  Because 
the  pressure  needed  to  force  water  from  leaf 
cells  to  the  cut  xylem  surface  is  basically  a 
function  of  leaf-water  potential,  predawn  pres- 
sure-bomb readings  can  be  considered  an  index 
to  soil-moisture  availability  within  the  root  zone. 

Bomb  measurements  are  influenced  by 
osmotic  potential  of  the  xylem  sap,  resistance  to 
xylem  movement  of  water,  loss  of  water  to 
voids  in  the  xylem,  the  rate  nitrogen  is  released 
into  the  pressure  chamber,  precision  of  the  low- 
pressure  gage,  and  elapsed  time  between  twig 
removal  and  bomb  reading  (Campbell  and  Pase 
1972).  Even  with  these  sources  of  error,  a  high 
degree  of  consistency  between  successive 
readings  is  usually  characteristic  of  the  bomb 
technique  because  the  internal  plant-water  status 
tends  to  integrate  the  effects  of  myriad  environ- 
mental factors.  For  example,  if  soil  moisture  is 
limiting  but  atmospheric  stress  is  low,  then  the 
bomb  reading  will  also  be  relatively  low.  A 
change  of  either  parameter,  however,  will  cause 
the  bomb  reading  to  change.  Other  environ- 
mental influences  such  as  vapor-pressure  deficit, 
wind,  temperature,  phenology,  and  physiology 
are  integrated  into  every  bomb  reading.  Bomb 
data  are  not  repeatable  with  the  same  degree  of 
consistency  within  and  among  all  species;  there- 


fore  a  precursor  to  any  "bomb"  study  is  species 
selection. 

The  pressure-bomb  technique  to  determine 
water  requirements  appears  to  be  a  useful  tool 
in  watershed  management.  While  this  instru- 
ment does  not  give  the  amount  of  water  being 
lost,  it  can  readily  segregate  those  plants  which 
have  water  available  to  them  and  are  obtaining 
their  water  from  the  deeper  water  supplies 
during  a  period  of  drought.  Thus,  vegetated 
areas  with  available  water  can  be  readily  deter- 
mined by  use  of  this  technique.  In  a  central 
Arizona  chaparral  community,  the  pressure 
chamber  was  used  to  evaluate  moisture-stress 
changes  in  birchleaf  mountainmahogany 
(Cercocarpus  betuloides)  under  several  pruning 
regimes  (Campbell  and  Pase  1972).  Removal  of 
22  and  36  percent  leaf  mass  of  mountain- 
mahogany  had  little  effect  on  plant-moisture 
stress.  Removal  of  41  and  66  percent  leaf  mass 
caused  highly  significant  decreases  of  6  and  8 
bars  tension,  respectively.  Based  on  this  reduced 
internal  plant-moisture  stress,  it  is  assumed  that 
water  will  not  be  removed  from  the  soil  as 
rapidly  or  in  as  large  amounts  as  occurred 
before  pruning. 

Phreatophyte  Flood-Plain  Reaches 

Research  in  phreatophyte  water  losses  was 
aimed  at  determining  the  effect  of  vegetation 
clearing  upon  water  yield.  Because  of  the  high 
cost  of  research  studies,  many  early  attempts 
were  made  to  use  indirect  methods  to  estimate 
savings. 

Data  from  tanks  planted  to  phreatophyte 
species  have  been  widely  used  for  this  purpose. 
Sometimes  the  amount  of  possible  water  salvage 
has  been  increased  by  using  the  maximum 
figures  of  water  loss  from  tanks.  Gatewood  and 
others  (1950),  averaging  six  different  methods, 
estimated  that  total  use  of  water  along  a 
section  of  the  Gila  River  in  Graham  County, 
Arizona,  during  a  study  in  1943  and  1944  was 
28,350  acre-ft  (including  precipitation)  of  water 
from  9,303  acres  of  bottomland  vegetation.  This 
amounts  to  about  3  acre-ft  per  acre  of  phreato- 
phytes.  Data  derived  from  the  Glenbar  tank 
study  (one  of  the  six  methods  used)  indicated 
that  the  total  water  loss  was  approximately  18.7 
percent  higher  than  the  average  of  the  six 
methods.  Inasmuch  as  saltcedar  was  the  principal 
vegetation,  the  high  water-loss  figures  obtained 
from  the  saltcedar  tanks  could  explain  the  high 
estimate  of  water  loss  by  this  method.  The 
authors  state  that  a  large  percentage  of  the 
water  loss  could  be  saved  by  clearing  the 
phreatophytes,  but  they  made  no  estimate  of 
the  actual  amounts. 


Turner  and  Skibitzke  (1952)  estimated  that 
the  clearing  of  a  2,000-ft  channel  along  the  Salt 
and  Gila  Rivers  in  Arizona  would  save  somewhat 
less  than  1  acre-ft  per  acre. 

In  contrast,  Blaney  and  others  (1942)  con- 
cluded from  the  short-lived  tank  study  at  Carls- 
bad that  saltcedar  along  the  riverbeds  would 
use  6  ft  of  water  per  year  and,  away  from  the 
river,  about  5  ft.  This  figure  was  used  in  the 
hearing  on  the  proposed  phreatophyte  control 
along  the  Pecos  River.  Testimony  was  given 
that  phreatophytes,  principally  tamarisk,  would 
consume  5  to  6  acre-ft  of  water,  and  about  half 
of  this  water  could  be  saved  by  clearing  (U.S. 
Senate  1963). 

Unfortunately,  there  are  few  actual  figures 
of  water  savings  after  phreatophyte  clearing. 
However,  a  recent  study  conducted  along  the 
Gila  River  in  Graham  County,  Arizona,  gives 
some  preliminary  indication  of  amounts  of  sal- 
vage (Culler  1970).  In  one  study  reach,  1,720 
untreated  acres  lost  an  average  of  21  acre-ft  of 
water  per  day  for  a  6-month  period  (February 
through  July),  or  an  average  water  loss  of  2.2 
acre-ft  per  acre.  Even  assuming  that  water  loss 
would  be  less  for  the  August  through  January 
period,  the  measured  water  loss  is  still  somewhat 
more  than  the  3.0  acre-ft  per  acre  per  year  esti- 
mated as  total  water  loss  for  approximately  the 
same  reach  by  Gatewood  and  others  (1950). 

Subsequently,  the  study  reach  was  com- 
pletely cleared  and  computed  evapotranspiration 
declined  to  13  acre-ft  per  day,  a  water  savings 
of  8  acre-ft  per  day  or  an  average  of  0.8  ft 
depth  per  acre  for  the  6-month  period.  Only  45 
percent  of  the  area  was  under  dense  phreato- 
phyte canopy  of  tamarisk  and  mesquite,  with 
the  remainder  open  vegetation.  Even  if  this 
amount  of  water  savings  is  credited  solely  to 
the  area  of  dense  cover,  the  amount  would  be 
only  1.8  acre-ft  per  acre  of  cleared  dense 
phreatophyte  vegetation,  far  less  than  2.5  to 
3.0  acre-ft  estimated  for  the  Pecos  River  (U.S. 
Senate  1963)  at  approximately  the  same  climatic 
conditions.  The  actual  savings  probably  was 
closer  to  0.8  than  1.8  acre-ft,  and  this  amount 
would  decline  as  replacement  vegetation  became 
estabUshed  (Culler  1970). 

Riparian  Reaches 

Only  a  few  estimates  of  evapotranspiration 
have  been  obtained  from  riparian  reaches,  and 
these  data,  like  phreatophyte  water-loss  data, 
are  not  necessarily  transferable  to  other  sectors 
(table  1).  Plant-species  diversity  (frequency, 
composition,  and  age)  and  highly  variable  en- 
vironments create  a  situation  where  no  com- 
pletely satisfactory  method  has  been  developed. 


Table  1 . --Summary  of  studies  in  elevation  zone  below  '4,300  ft,  with  estimate  of  ET  (evapot ranspi Pc 

tion)  per  acre  of  flood  plain 


Reach,  eleva- 
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to 
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and  area 
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SYCAMORE  CREEK 

(I  ,^100-1  ,760  ft) 
1  .'♦OO  acres 

AGUA    FRIA 
(!  ,600-i»,000    ft) 
3,230   acres 


COTTONWOOD  WASH 

(i», 000-^4, 300  ft) 

22  acres 


MONROE  CANYON 
(2,000-2,500  ft] 
38  acres 


Mesqui  te- 
burrobrush 


Mesqui  te 


,5   Cottonwood 


20  ft  (approxi -  1.1 
mate) 

0-2  ft,(36i:)     1  .8 
5-6  ft,  (22°^) 
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2-3  ft 


1 . 3  Oak ,  maple , 
b  i  gcone 
Doug  1 as-f i  r , 
alder,  will ow 


3.6 


'(.2- 
5.0 


Inflow-outflow    technique, 
vegetation    not    treated. 

ET  estimated  on  basis  of 
depth  to  ground  water  and 
areal  density.  Vegetation 
not  treated. 

1.7  inflow-outflow    technique, 

vegetation    eradicated   on 
one    sector.       Control 
sector    above    treatment 
area . 

.5    Paired  watersheds,  Monroe 
Canyon  vegetation  treated 
following  calibration 
period;  Volfe  Canyon  used 
as  control  watershed. 


In  certain  areas,  stream-gaging  stations  have 
been  used  above  and  below  stream  reaches.  A 
water-budget  analysis  can  then  be  used  to  esti- 
mate evapotranspiration  by  total  inflow  minus 
outflow,  corrected  for  such  factors  as  deep 
drainage   and   soil-moisture   storage    (table   1). 

Thomsen  and  Schumann  (1968)  used  the 
water-budget  analysis  to  study  water  resources 
of  Sycamore  Creek,  Maricopa  County,  Arizona. 
In  a  5-year  period,  water-budget  analysis  indi- 
cated water  loss  from  the  channel  on  the  lower 
10  miles  of  Sycamore  Creek  averaged  1,500  acre- 
ft.  In  this  channel  and  flood  plain,  riparian  veg- 
etation covered  about  1,400  acres,  with  denser 
vegetation  in  the  lower  half  where  depth  to  the 
water  table  was  usually  less  than  20  ft.  In  the 
upper  half  of  the  area  where  the  vegetation  was 
less  dense,  the  water  table  was  generally  more 
than  20  ft  deep.  Average  evapotranspiration  loss 
from  the  10-mile  reach  was  estimated  to  be  1.1 
acre-ft  per  acre;  of  this,  transpiration  rather  than 
evaporation  probably  accounted  for  most  of  the 
loss.  Thus,  a  large  percentage  of  this  loss 
would,  perhaps,  be  saved  following  vegetation 
removal. 

Anderson  (1970)  measured  channel  losses 
from  a  natural  flow  regimen  in  part  of  the 
Agua  Fria  drainage,  and  estimated  maximum 
possible  losses  that  might  result  in  the  same 
reaches  if  additional  water  became  available  as 


a  result  of  modification  of  upland  chaparral 
vegetation.  His  theory  was  that  the  watershed 
treatment  would  increase  streamflow  and  raise 
the  level  of  ground  water.  This  increased  flow 
would  cause  increases  in  flood-plain  vegetation 
density  and  thus  evapotranspiration  losses 
would  increase.  Also,  theadditional  water  would 
change  the  flow  regimen  in  some  channel 
sectors  from  ephemeral  to  perennial.  Results 
indicate  the  61  miles  of  reach  contained  about 
3,230  acres  of  variously  vegetated  flood  plain, 
including  many  acres  classified  as  bare  soil. 
Present  annual  evapotranspiration  losses  were 
estimated  at  5,750  acre-ft  or  about  1.8  acre-ft  per 
acre  of  channel  and  flood  plain.  If  the  expected 
increase  in  water  yield  occurs,  Anderson  esti- 
mates total  possible  water  loss  from  this  zone 
would  reach  nearly  3  acre-ft  per  acre  per  year. 
Bowie  andKam  (19(38)  used  soil-water  budget 
analysis  and  transpiration-well  data  on  Cotton- 
wood Wash  in  northwestern  Arizona  to  indicate 
effects  of  removing  riparian  vegetation  from  a 
1.5-mile  section  of  stream  channel.  The  average 
amount  of  water  saved  after  removing  about 
22  acres  of  Cottonwood  (Populus  fremontii), 
willow  (Salix  sp.),  and  seepwillow  was  estimated 
at  1.7  acre-ft  per  acre,  or  a  savings  of  6  percent 
of  inflow.  Transpiration-well  data  indicated  veg- 
etation eradication  near  the  shallow  wells  may 
reduce  water  use  by  as  much  as  90  percent.  Re- 


growth  of  shrub-type  vegetation,  such  as  seep- 
willow,  reduced  the  water  savings  effected  by 
the  removal  of  tree-type  vegetation.  Water 
quaUty  did  not  change  significantly  downstream 
following  treatment. 

Watershed  studies  in  the  woodland-riparian 
zones  of  Monroe  Canyon  in  the  San  Gabriel 
Mountains  of  southern  California  exemplify  a 
successful  application  of  water-budget  analysis 
and  effect  of  vegetation  treatment  (Rowe  1963). 
\'olfe  Canyon,  an  adjoining  untreated  watershed, 
was  used  as  a  control.  Along  the  lower  reaches 
of  Monroe  Canyon,  38  acres  of  woodland-riparian 
vegetation  was  removed;  of  this,  only  about  3.8 
acres  were  luparian  species  with  the  rest  com- 
posed of  woodland  species  common  to  adjacent 
canyon  slopes.  Following  treatment,  the  flow 
from  Monroe  was  17.4  acre-ft  more  than  would 
have  occurred  had  it  not  been  treated.  This  in- 
creased yield  was  about  0.5  acre-ft  per  acre 
treated.  Chemical  analysis  revealed  no  changes 
in  chemical  content  or  total  solids  due  to  treat- 
ment. Removal  of  canyon-bottom  vegetation 
and  the  resultant  insolation  of  the  stream  chan- 
nel did  result  in  an  appreciable  higher  concen- 
tration of  green  algae,  especially  in  the  summer. 
Rowe  stipulates  conditions  necessary  for 
increased  water  yields  to  occur:  (1)  water  supply 
must  be  adequate  to  exceed  evapotranspiration 
losses  after  treatment,  (2)  the  water  table  or 
zone  of  saturation  must  be  within  reach  of  the 
heavy  water-using  woodland-riparian  vegeta- 
tion, and  (3)  the  canyon-bottom  soils  overlaying 
the  water  table  must  be  of  sufficient  extent  and 
depth  to  permit  reduction  in  evapotranspiration 
if  the  deep-rooted  vegetation  is  eliminated. 

The  few  riparian  treatments  performed  indi- 
cated rather  consistent  increased  water  yields 
were  obtained  following  riparian  treatments. 
Two  reach  studies  (table  1)  indicate  a  water 
savings  of  about  1.1  acre-ft  per  acre  after  re- 
moval of  flood-plain  vegetation.  Two  other 
studies  predicted  that  reduction  of  evapotran- 
spiration losses  of  about  the  same  amount  might 
occur  if  the  denser  vegetation  on  the  flood 
plain  were  removed.  In  summary,  a  working 
hypothesis  somewhere  between  1  and  2  acre-ft 
of  water  savings  is  as  close  an  approximation 
as  possible  with  the  limited  data  available.  These 
water  yields  would  have  to  be  weighed  against 
losses  or  gains  from  other  resources  such  as 
wildlife  habitat  and  food,  fish  habitat,  recreation, 
and  esthetics  for  evaluation  of  possible  benefits 
(Campbell  1970). 

Ground-Water  Wells 

Ground-water  wells  have  often  been  used 
to  evaluate  evapotranspiration  losses  from  flood- 


plain  reaches.  These  data  indicate  the  changes 
in  water  level,  which  can  be  interpreted  to  give 
rough  estimates  of  the  ground-water  losses  by 
phreatophytes.  However,  the  data  are  subject  to 
wide  fluctuation  due  to  the  characteristics  of 
the  alluvial  material  in  which  the  ground  water 
occurs.  It  is  recommended  that  ground-water 
wells  be  used  only  for  monitoring  changes  in 
the  water-table  levels  and  to  evaluate  the  suc- 
cess of  clearing  operations.  It  is  doubtful  that 
they  will  give  an  accurate  indication  of  the 
amount  of  water  losses.  In  most  studies,  there 
have  not  been  sufficient  wells  to  give  a  good 
statistical  indication  of  changes  and  some  of  the 
studies  have  been  severely  criticized  because 
the  conclusions  were  reached  with  too  few  wells. 
Theis  and  Conover  (1951)  proposed  that  a 
series  of  ground-water  wells  could  be  used  to 
determine  water  losses  in  an  area  of  phreato- 
phytes. They  would  first  measure  the  normal 
ground-water  conditions  then  remove  the 
phreatophytes  and  determine  water-level 
changes.  The  next  step  would  be  to  pump  the 
water  out  to  equal  the  water  losses  of  the 
plants  and  measure  the  rate  of  pumping.  Tests 
of  this  type  on  the  Salt  River  showed  that  re- 
moval of  saltcedar  did  reduce  diurnal  fluctua- 
tions (Gary  1962).  Later,  thirty-nine  3-inch  wells 
within  a  20-ft  radius  were  installed,  but  variation 
between  wells  was  too  great  to  accurately  meas- 
ure the  rapidly  changing  ground-water  level 
created  by  pumping  (Gary  and  Campbell  1965). 

Use  of  Energy  Measurements 

Energy  measurements  have  often  been  used 
to  determine  evapotranspiration  losses  and  it 
has  been  found  possible,  with  the  use  of 
sophisticated  and  expensive  instruments  to  ac- 
curately predict  the  amount  of  evapotranspira- 
tion losses  from  homogeneous  vegetation  sur- 
faces. The  different  methods  and  approaches  are 
thoroughly  discussed  in  Conference  Proceedings 
of  both  the  American  Society  of  Civil  Engineers 
(1966)  and  American  Society  of  Agricultural 
Engineers  (1966). 

Unfortunately,  compai'atively  little  work  has 
been  done  in  forest  or  other  irregular  or  dis- 
continuous types  of  cover.  In  phreatophyte 
areas,  research  is  needed  to  determine  the  so- 
called  "oasis  effect"  — the  advective  energy 
relationships  between  the  transpiring  area  and 
the  surrounding  desert  or  semiarid  climate. 
These  irregularities  of  energy  input  and  output 
are  extremely  difficult  to  evaluate.  There  is  no 
present  research  which  studies  these  phenom- 
ena in  relation  to  phreatophyte  cover,  but  the 
results  of  the  studies  on  agricultural  cropland 
would  indicate  that  there  should  be  possibilities 


of  determining  evaporation  losses  Irom  larger 
areas  of  phreatophyte  vegetation.  Likewise, 
there  are  possibilities  of  developing  methods 
such  as  remote  sensing,  laser  beams,  and  infra- 
red film  to  measure  moisture  content  of  the  air 
surrounding  the  phreatophyte  zone.  Research 
should  be  pushed  aggressively  in  search  of  new 
approaches. 


ECOLOGICAL   RELATIONSHIPS 

To  properly  manage  riparian  and  phreato- 
phyte zones  requires  a  knowledge  of  (1)  the 
present  community  relationships,  (2)  the  pos- 
sibility of  developing  different  vegetation  types, 
and  (3)  the  individual  reactions  of  the  various 
species  that  occupy  the  zone  or  that  might  be 
introduced  under  management. 

Community  Changes 

As  has  been  pointed  out  previously,  drastic 
changes  have  occurred  in  the  vegetation  of  the 
moist-site  areas  of  Arizona  and  New  Mexico. 
Changes  in  land  use  and  w-ater  regime  have 
been  marked  with  striking  results  on  many  of 
the  vegetation  communities,  particularly  flood- 
plain  areas. 

Phreatophyte  Flood  Plains 

The  original  vegetation  of  the  flood-plain 
areas  was  dependent  primarily  on  the  nearly 
continuous  water  supply  available  to  plant  roots. 
Records  and  reports  from  early  travelers  indicate 
the  rivers  flowed  rather  constantly  and  the 
water  tables  were  high  in  much  of  the  valley 
areas.  In  the  more  saline  areas  were  large 
patches  of  salt-tolerant  grasses,  surrounded  by 
saltbushes  and  other  salt-tolerant  plants. 

The  early  pioneers  used  the  Cottonwood, 
mesquite,  and  other  trees  and  larger  shrubs  for 
fuel  and  building  materials.  In  the  Arizona 
desert,  the  lands  dominated  by  mesquite  were 
some  of  the  best  soils  in  the  valley  and  were 
soon  cleared  for  farming.  Along  the  Rio  Grande, 
the  first  and  finest  farmland  was  created  by 
removal  of  cottonwood. 

The  Old  World  tamarisk,  or  saltcedar,  found 
conditions  ideal  for  rapid  invasion  of  the  flood- 
plain  areas.  First  introduced  into  the  United 
States  as  an  ornamental,  tamarisk  was  sold  at 
nurseries  in  the  East  as  early  as  1823  (Horton 
1964).  By  1856  it  was  being  sold  in  nurseries  in 
California.  In  1901,  it  was  recorded  as  a  natural- 
ized shrub  along  the  Salt  River  at  Tempe.  In 
the  early  1900"s,  Thornber  (1916)  stressed  the 
desirability  of  using  Tamarix  of  several  different 
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Tamarisk    growing    on    the  flood  plain    of 
the    Gila    River     near     Safford,    Arizona. 

species  around  buildings,  for  hedge  rows,  and 
in   general   plantings   in   the   hot  desert  areas. 

In  the  1920's,  saltcedar  was  beginning  to 
spread  along  the  Rio  Grande,  and  other  rivers 
such  as  the  Gila,  Salt,  Pecos,  and  Colorado 
(Robinson  1965).  By  the  1940's,  these  river  flood 
plains  were  to  a  lai'ge  extent  covered  with  a 
solid,  unbroken  stand  of  almost  impenetrable 
saltcedar.  Now  it  is  found  along  many  smaller 
streams,  around  springs,  by  roadsides,  and  in 
other  areas  that  have  sufficient  moisture  to 
germinate  and  establish  the  seeds. 

Along  some  flood-plain  reaches,  dropping 
water  tables  have  reduced  the  stand  of  saltcedar, 
because  ground  water  is  now  apparently  out  of 
reach  of  its  roots.  In  the  Phoenix  area,  where 
in  the  1940's  a  dense  stand  of  saltcedar 
extended  along  the  Salt  River  from  east  of 
Mesa  through  Tempe  and  Phoenix  to  the 
junction  with  the  Gila,  the  shrubs  are  now 
growing  as  widely  spaced  desert-type  plants. 
The  remaining  shrubs  depend  on  floodflows  or 
rain  for  survival.  In  dry  periods,  these  shrubs 
will  make  almost  no  growth,  and  tend  to  drop 
their  leaves.  They  leaf  out  very  quickly  when 
water  becomes  available,  however.  Fires  burning 
through  these  areas  kill  a  fairly  large  number 
of  plants  and  create  an  even  more  open  stand. 
It  is  probable,  in  this  desert  climate,  that  the 
shrubs  must  be  spaced  15  or  20  feet  or  more 
apart  to  be  able  to  have  sufficient  root  systems 
to  withstand  lengthy  droughts.  A  heavy,  dense 
stand  will  survive  only  where  the  water  tables 
are  within  15  or  20  ft  of  the  surface.  Much  of 
the  lands  originally  dominated  by  saltcedar  have 
also  been  converted  into  farms  or  industrial 
use  near  the  towns  and  cities. 

In  spite  of  the  major  changes  along  the 
flood  plains   of   the   Southwest,   there  are  still 
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large  areas  occupied  by  wildland  vegetation,  but 
usually  altered  by  man.  Marks  (1950),  who 
studied  the  vegetation  and  soil  relations  of  the 
lower  Colorado  desert,  included  considerable 
information  on  the  communities  along  the 
lower  Gila  River.  At  that  time,  the  bottom  lands 
were  dominated  by  an  anowweed-saltcedar  com- 
munity with  other  species  such  as  seepwillow, 
screwbean  mesquite  (Prosopis  pubescens),  and 
saltbush.  Along  the  river  channels,  cottonwood 
and  willow  were  found.  Scattered  through  the 
valley  bottoms  were  saline  communities  dom- 
inated by  Sueda  and  Allenrolfea.  Above  the 
bottom  land  occurred  the  most  conspicuous  of 
the  valley  communities —  that  dominated  by 
mesquite.  These  lands  are  usually  suitable  for 
farming,  and  therefore  a  large  percentage  has 
been  cleared.  Mixed  with  the  mesquite  or  at 
somewhat  higher  elevation  was  a  community  of 
Atriplex  polycarpa. 

Haase  (1972),  in  his  study  of  the  lower  Gila 
River,  indicates  that  saltcedar  occupies  about 
50  percent  of  the  total  bottom-land  area.  Under 
present  conditions  he  feels  that  this  dominance 
will  not  be  changed  unless  there  is  some 
marked  fluctuation  in  the  water  table  or  in 
other  environmental  conditions.  His  analysis 
and  breakdown  of  the  communities  is  very 
similar  to  Marks  (1950). 

Somewhat  similar  communities  were  studied 
along  the  Salt  River  above  Granite  Reef  Dam 
east  of  Tempe  (Gary  1965).  The  saltcedar  com- 
munities were  separate  and  distinct  from  the 
arrowweed,  and  occupied  sites  with  shallower 
water  tables  and  a  silt  loam  soil,  contrasted  to 
the  sandy  loam  found  under  the  arrowweed  and 
mature  mesquite.  Though  there  are  a  few  cotton- 
wood  trees,  these  were  not  significant  enough 
to  be  included  in  the  analysis. 

Along  the  Rio  Grande,  Campbell  and  Dick- 
Peddie  (1964)  found  that  saltcedar  was  the  major 
dominant  in  southern  New  Mexico,  but  as  one 
progressed  up  the  river  there  was  more  cotton- 
wood,  Russian-olive  (Elaeagnus  angustifolia), 
and  other  species.  These  authors  observed  that 
cottonwood  assumes  dominance  over  saltcedar 
if  cottonwood  is  left  to  develop  into  a  full  tree 
without  disturbance.  In  mature  stands  of  cotton- 
wood, saltcedar  grows  only  in  natural  openings 
and  along  the  outer  edge  of  the  cottonwood 
stand. 

Mesquite  Washes 

Many  ephemeral  streams  below  3,500  ft  con- 
tain broad  alluvial  flood  plains  and  terraced 
bottoms  that  support  high  densities  of  deep- 
rooted  trees  and  shrubs  such  as  mesquite,  blue 
paloverde  (Cercidium  floridum).  catclaw  acacia 


Old     inebquite     growing     near    Granite 
Reef  Dam,  Arizona. 

(Acacia  greggii),  burrobrush  (Hymenoclea 
monogyra ) ,  and  wolf  berry  ( Lycium  andersonii ) . 
These  ephemeral  streams,  arroyos,  and  dry 
washes,  predominately  lined  with  mesquite,  pro- 
vide a  certain  amount  of  protective  cover  for 
cattle  and  wildlife.  However,  the  deep-rooted 
trees  also  remove  unknown  quantities  of  water 
from  the  water  table.  Since  the  trees  depend  on 
deep  water  supplies,  removal  of  the  trees  would 
eliminate  transpirational  losses  from  the  aquifer. 
On-site  precipitation,  whicli  is  usually  less  than 
15  inches,  would  continue  to  be  lost  because  of 
high  soil-surface  evaporation. 

Mesquite  in  some  areas  may  be  extensive 
enough  to  warrant  commercial  harvesting.  Mes- 
quite makes  excellent  charcoal  briquettes  and 
is  one  of  the  better  fireplace  woods.  A  minor 
use  of  mesquite  wood  is  for  fenceposts. 

From  2,500  to  3,500  ft,  cottonwood  and 
sycamore  sometimes  codominate  with  acacia 
and  mesquite,  forming  an  almost  impenetrable 
understory.  These  trees  use  water  from  alluvium 
supplies  but  also  provide  channel  stabilization 
and  potential  recreation  sites. 

Cottonwood  Communities 

Riparian  communities  between  3,500  and 
7,000  ft,  in  general,  contain  the  greatest  number 
of  species,  the  greatest  percentages  of  cover, 
and  will  probably  require  the  most  planning 
before  sound  management  practices  can  be 
developed.  Cottonwood,  ash  (Fraxinus  pennsyl- 
vanica) ,  sycamore  (Platanus  wrightii),  oak 
(Quercus  sp.),  and  walnut  (Juglans  ma] or)  are 
typical  trees  in  this  sector. 

Cottonwood  reaches  its  maximum  density 
in  these  altitudes  in  the  alluvial  valleys,  such 
as    the    Vjrde   River,   Cottonwood  Wash,  and 
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Cottonwoods  growing  in  dense  stand  along  the  Verde   River  in  Arizona. 


Carrizo  Creek,  Arizona.  Most  of  the  vegetation 
in  large  valleys  was  extensively  altered  in 
pioneer  days   for   fuel   and  building  materials. 

Composition  of  streamside  vegetation  is  con- 
tinually changing.  On  the  Rio  Grande,  Wislizenus 
1847),  Abert  (1848),  Gregg  (1856),  Metcalfe 
(1902),  Watson  (1912),  and  Campbell  and  Dick- 
Peddie  (1964)  all  indicate  successive  changes  in 
vegetation,  primarily  because  of  the  influence 
of  man.  Watson  (1912)  reported  the  cottonwood 
trees  were  small  because  native  ranchers  used 
the  wood  for  fuel.  The  growth  rates  and 
number  of  tree  species  were  apparently  not  suf- 
ficient to  supply  the  demand  created  by  the 
localized  settlers  at  this  time.  Construction  of 
dams,  irrigation  canals  and  ditches,  and  drain- 
age of  marshes  in  the  twentieth  centuiy  have 
further  changed  the  community  complex. 

The  Santa  Cruz  and  San  Pedro  Rivers  in 
Arizona  and  Guadalupe  Canyon  in  southwestern 
New  Mexico  are  distinctly  unique  in  the  South- 
west because  they  form  a  continuous  ribbon  of 
riparian  plants  from  the  State  of  Sonora,  Mexico, 
into  the  continental  United  States.  Because  of 
a  similarity  of  climate  and  lack  of  geographical 
barriers,  many  species  of  birds  and  reptiles 
common  to  Mexico  follow  these  channels  into 
the  United  States. 


Sycamore-Dominated  Ephemeral  Streams 

Along  Sycamore  Creek,  near  Sunflower, 
Arizona,  Campbell  and  Green  (1968)  subdivided 
stream-channel  vegetation  into  two  major  types, 
riparian  and  pseudoriparian,  with  both  types 
extending  ribbonlike  from  1,500-ft  elevations  to 
5,500  ft.  Riparian  species  are  obligate  and 
pseudoriparian  facultative.  Thus,  pseudoripar- 
ian species  extend  from  adjacent  slopes  into 
the  riparian  zone  where  growing  conditions  are 
more  favorable.  Alder  (Alnus  spp.),  willow, 
cottonwood,  and  sycamore  are  examples  of 
riparian  species;  these  plants  grow  only  where 
additional  ground  or  surface  water  occurs. 
Examples  of  pseudoriparian  species  are  mes- 
quite,  oak,  and  acacia.  These  plants  grow  faster 
and  taller  on  sites  where  ground  or  surface 
water  supplements  local  precipitation,  but  they 
also  germinate  and  grow  on  surrounding 
hillsides. 

On  Sycamore  Creek,  the  riparian  species  are 
diffused  and  spread  rather  evenly  up  or  down 
the  channel.  Pseudoriparian  species,  however, 
particularly  the  shrubs,  show  a  distinct  zonation 
along  the  channel  at  about  the  3,000-ft  elevation. 
Adjacent  to  the  stream  and  at  the  same 
elevation  there   is   an  abrupt  ecotone  between 
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Sycamores  growing  along  Sycamore  Creek 
near  Sunflower,  Arizona. 

desert  and  chaparral  vegetation  types.  Most 
shrub  species  have  a  wider  ecological  amplitude 
than  trees  with  respect  to  variation  in  soil 
moisture.  Ninety-five  percent  of  the  shrub 
species  occur  on  both  relatively  mesic  and  xeric 
sites,  and  are  thus  classified  as  pseudoriparian, 
versus  only  52  percent  of  the  trees. 


Manmade  disturbances  in  this  zone  are  rela- 
tively minor.  The  frequent  floods  have  a  greater 
effect.  Disturbances  in  the  flood-prone  channel 
cause  species  to  form  mosaics  of  serai  stages  of 
communities,  with  different  combinations  of 
species  dominating  each  stage. 

Perennial  Streams 

Canyons  of  the  major  rivers,  including  the 
Colorado,  Rio  Grande,  Salt  River  (above  Roose- 
velt Reservoir),  and  the  Gila  (above  the  conflu- 
ence of  the  Blue),  have  thin  strips  of  vegeta- 
tion along  the  edges  composed  of  some  scattered 
trees  but  mostly  shrubs  including  saltcedar. 
Floodflows  remove  young  trees  and  shrubs  at 
periodic  intervals,  but  reestablishment  is  rapid. 
Due  to  the  large  ratio  of  open  water  to  vegeta- 
tion, however,  transpiration  causes  a  minor  per- 
centage of  the  total  water  losses  and,  therefore, 
management  of  vegetation  for  water  savings 
could  rarely  be  justified. 

Side  streams  at  the  higher  altitudes  are 
usually  alder  dominated.  Most  of  them  are  not 
altered  by  man  except  for  recreational  use, 
development  of  campgrounds  and  roads,  and 
fishing. 


Alders   lining  the  streambanks  of  Oak  Creek  Canyon   near  Sedona,   Arizona. 
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Species  Characteristics 

An  important  characteristic  of  any  species  in 
its  relation  to  the  community  is  its  abiUty  to 
establish  itself  naturally  (or  after  planting,  if 
an  introduced  species).  Many  phreatophyte 
species,  such  as  saltcedar,  cottonwood,  and 
willow,  are  spread  primarily  by  abundant  wind- 
borne  seeds.  When  they  fall  on  water  or  moist 
soil  they  can  germinate  quickly.  Seeds  of  these 
species  will  usually  lose  viability  rapidly  and 
unless  they  germinate  within  2  to  4  months  will 
lose  their  capacity  to  do  so  (Horton  and  others 
1960).  Though  the  seed  will  germinate  very 
rapidly,  the  new  seedlings  require  wet  soils  for 
several  weeks  to  be  able  to  develop  sufficient 
roots  for  survival.  These  species  thrive  best  in 
an  open  situation  such  as  along  sandbars  or 
areas  disturbed  by  floodflows  and,  when  condi- 
tions are  ideal,  invasion  will  be  rapid. 

Seed  germination  of  mesquile  and  associates 
is  not  dependent  on  such  rigid  soil-moisture 
conditions.  While  germination  may  be  started  by 
floodflow,  especially  ingravelwashes,  they  seem 
to  be  spread  more  by  cattle  and  rodent  activity 
(Glendening  and  Paulsen  1955).  Thus,  mesquite 
has  spread  into  the  grassland  and  hillsides  of 
southern  Arizona  where  summer  rains  are  more 
frequent  (Schuster  1969).  In  the  drier  areas  of 
central  Arizona,  however,  the  species  is  more 
common  above  deeper  ground-water  tables. 

Root  systems  of  phreatophyte  species  vary 
greatly.  Mesquite  is  extremely  deep  rooted; 
Kearney  and  Peebles  (1951)  report  it  penetrates 
as  much  as  60  ft  into  the  alluvium.  Saltcedar 
can  also  be  deep  rooted.  Seepwillow  is  relatively 
shallow  rooted,  growing  only  where  the  ground 
water  is  close  to  the  surface  (Gary  1963). 

Arrowweed  shrubs  send  out  lateral  roots 
just  below  the  surface  of  the  soil  which  sprout 
to  form  dense  clusters  over  relatively  large  areas 
(Gary  1963).  Some  seedlings  of  this  species  have 
been  noted,  but  it  is  felt  that  the  dense  thickets 
are  caused  by  lateral  spread. 

After  burning  or  cutting,  saltcedar  shrubs 
redevelop  rapidly;  the  sprouts  from  the  root 
crown  will  grow  as  much  as  10  or  12  ft  in  a 
year  under  favorable  conditions.  In  the  study  of 
the  effect  of  grazing,  cattle  removed  approxi- 
mately 50  percent  of  the  foliage  produced  but 
the  shrubs  still  grew  vigorously  (Gary  1960). 
During  the  second  year  the  stand  became  so 
dense  and  heavy  that  cattle  would  not  enter  the 
area. 

In  another  study,  Campbell  ( 1966)  found  that 
even  biweekly  cutting  of  saltcedar  at  a  height 
of  12  inches  above  the  ground  did  not  kill  the 
plants.  However,  if  all  foliage  was  removed  from 
the  stump  at  2-week  intervals,  92  percent  of  the 


plants  died  the  first  season  and  the  remainder 
died  after  retreatment  the  following  year.  Thus, 
in  areas  where  there  is  sufficient  water  and 
grass,  heavy  use  of  saltcedar  by  cattle  is  desir- 
able. Because  mowed  saltcedar  grows  so  rapidly, 
cattle  or  sheep  must  use  it  excessively  to  keep 
the  crowns  within  reach. 

All  of  the  aboveground  portions  of  saltcedar 
will  develop  adventitious  roots  and  form  new 
shrubs  if  kept  wet  in  moist  soil.  Gary  and 
Horton  (1965)  found  that  100  percent  of  stem 
cuttings  would  sprout  at  all  times  of  the  year  if 
they  are  kept  moist  and  warm.  Root  cuttings 
did  not  sprout.  If  stem  cuttings  are  allowed  to 
dry,  even  as  little  as  1  day,  the  sprouting 
ability  is  very  quickly  reduced.  This  rooting 
ability  is  important  in  mechanical  clearing  be- 
cause, if  the  operation  is  done  when  the  ground 
is  moist,  a  large  portion  of  the  plant  parts  that 
are  buried  will  develop  new  shrubs. 

Taxonomy  of  Tamarix 

The  taxonomy  of  saltcedar  has  long  been 
confused.  The  first  plants  introduced  into  the 
United  States  were  usually  called  Tamarix  gallica 
L.;  later  the  nursery  catalogs  began  to  carry  the 
name  Tamarix  germanica L.  (Horton  1964).  There 
is  no  way  of  knowing  what  species  of  plants 
were  actually  introduced.  The  early  floras 
usually  listed  Tamarix  gallica  as  the  introduced 
species. 

McClintock  (1951)  reported  that  there  were 
four  species  of  pentamerous  tamarisk  in  the 
United  States.  She  stated  that  T^  gallica  was  a 
rather  rare  shrub  in  the  West  and  that  the  com- 
mon aggressive  western  saltcedar  should  be 
classified  as  T\  pentandra  Pall,  rather  than  T. 
gallica.  She  indicated  that  T^  chinensis  Lour. 
was  a  synonym  of  T.  pentandra.  Two  other 
species  were  listed  as  ornamentals  found  oc- 
casionally as  naturalized  plants. 

Baum  (1967),  after  extensive  study  of  the 
genus  Tamarix  at  the  Hebrew  University,  Jeru- 
salem, abandoned  the  name  T.  pentandra,  and 
divided  the  western  pentamerous  tamarisk  (salt- 
cedar) into  several  species  after  examining 
mateiial  from  various  American  herbaria.  In 
1968,  the  USDA  Forest  Service  at  the  Forest 
Hydrology  Laboratory  started  a  study  of  Tamarix 
taxonomy;  individual  shrubs  were  grown  from 
cuttings  collected  at  various  locations  in  the 
United  States  and  the  Old  World  to  check  on 
the  growth  characteristics  and  validity  of  the 
speciation  as  outlined  by  Baum.  Their  plantings 
have  indicated  that  while  there  is  variation  in 
the  growth  habits  and  phenology  of  saltcedar, 
the  botanical  differences  are  not  significant  or 
constant  enough  to  warrant  species  separation. 
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Thus,  the  aggressive  saltcedar  should  be 
considered  as  one  species.  Due  to  the  fact  that 
the  name  Tamarix  pentandra  is  not  held  to  be 
legitimate,  another  name  must  be  used.  The 
oldest  synonym  applied  to  the  aggressive  pen- 
tamerous  tamarisk  group  is  Tamarix  chinensis; 
thus  by  the  rules  of  botanical  nomenclature, 
this  name  should  now  be  used  for  the  species 
so  commonly  naturalized  in  the  West. 


OTHER   RESOURCE   USES    OF 
PHREATOPHYTE   AREAS 

The  emphasis  on  use  and  management  of 
phreatophyte  areas  has  recently  changed  from 
water  salvage  to  the  possible  development  of 
other  management  altei-natives.  The  tangible 
resource  uses,  such  as  the  removal  of  shrubs 
and  trees  to  develop  farmlands  or  to  use  these 
areas  for  grazing,  are  relatively  easy  to  justify 
and  to  determine  the  economic  values  involved. 
Many  intangible  resources  are  very  difficult  to 
evaluate,  however,  including  recreation,  wild- 
life, and  preservation  of  natural  areas.  Deter- 
mining the  most  desirable  alternative  is  some- 
times very  difficult  because  the  resources 
involved  are  so  often  backed  by  single  users 
who  feel  that  their  resource  overshadows  all 
the  others.  Multiple-use  management,  however, 
must  consider  the  following  resources  in  addi- 
tion to  water  salvage. 

Development  of  Farms  and  Grazing  Lands 

Along  most  of  the  flood  plains,  clearing  of 
phreatophyte  cover  for  farm  or  grazing  land  has 
caused  the  greatest  attrition.  In  many  cases,  the 
soils  are  admirably  suited  for  these  purposes 
even  though  they  can  be  subject  to  flooding. 
This  flooding  may  be  alleviated  by  construction 
of  dams  upstream,  which  allows  the  farm  activ- 
ity to  extend  close  to  the  channel.  Alkalinity  of 
much  of  the  flood  plain  now  covered  by 
phreatophytes  may  be  too  high  for  farming, 
however.  Where  water  is  fairly  close  to  the 
surface  or  can  be  obtained,  grazing  is  often  a 
desirable  use  for  such  lands  if  woody  vegetation 
is   removed. 

Wildlife 

Phreatophyte  areas  can  provide  shelter  for 
game  species.  Of  topmost  interest  are  white- 
winged  and  mourning  doves.  The  white-winged 
dove  particularly  nests  in  large  numbers  in 
phreatophyte  areas  in  Arizona,  and  is  a  valuable 
hunting  resource  (Cottam  and  Trefethen  1968). 
Dense  woody  stands  of  saltcedar  provide  nesting 


sites,  but  the  food  — as  for  most  wildlife  — must 
be  provided  in  large  part  from  areas  outside  the 
flood  plains.  Large  numbers  of  doves  feed 
primarily  on  agricultural  fields  nearby.  When 
these  depredations  become  severe,  the  farmer, 
such  as  in  the  Gila  River  Valley  around 
Buckeye,  Arizona,  often  changes  his  type  of 
crop.  To  maintain  an  optimum  population  of 
these  doves,  it  may  be  necessary  to  provide 
food  for  them. 

Historically,  doves  nested  in  the  mesquite 
bosques  which  produced  much  more  food  than 
the  extensive  saltcedar  thicketsof  today  (Arnold 
1943).  Clearing  of  the  mesquite  depleted  the 
dove  numbers,  which  were  not  restored  until 
saltcedar  invaded  the  area. 

Game  departments  have  long  been  interested 
in  using  phreatophyte  areas  as  wintering 
grounds  for  waterfowl,  particularly  on  the  Rio 
Grande  and  the  Pecos  River  flood  plains  as  well 
as  along  the  Gila  River  in  the  Buckeye  area. 
The  Game  and  Fish  Departments  in  both  Arizona 
and  New  Mexico  have  cleared  areas  for  the 
production  of  green  forage.  A  compromise  must 
be  made  between  preserving  cover  for  nesting 
of  doves  and  removal  of  cover  to  produce  food 
for  waterfowl  and  possibly  for  doves. 

Recently,  the  value  of  cottonwood  and  other 
phreatophytes  for  nongame  birds  has  been 
stressed.  This  form  of  wildlife  use  has  intangible 
values  which  are  very  hard  to  evaluate.  The 
highest  concentration  of  birds  noted  anywhere 
in  the  United  States  has  been  reported  by  John- 
son (1970)  from  the  cottonwood  communities  of 
the  Verde  Valley  in  central  Arizona.  The  most 
birds  and  greatest  diversity  of  species  occurred 
in  areas  containing  the  densest  riparian  vegeta- 
tion. Results  of  Johnson's  study  indicated  that 
thinning  cottonwood  for  water  savings  and  flood 
control  reduced  nesting  bird  populations  as 
follows: 

Pairs  of  nesting  birds 
per  100  acres 
1969  1970 

Severely  thinned 

(10.1  trees  per  acre)  583  524 

Moderately  thinned 

(26.0  trees  per  acre)  963  886 

No  treatment 

(46.6  trees  per  acre)  1,325  1,006 

Rare  or  endangered  bird  species  must  be 
evaluated  in  any  management  plan,  particularly 
in  the  cottonwood  stands  of  southern  Arizona. 

Other  Tangible  Values 

Other  tangible  values  of  the  moist-site 
species  include  the  use  of  saltcedar  stands  as  a 
refuge  for  honey  bees,  especially  during  the 
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season  insecticides  are  being  applied  to  the 
croplands.  Management  of  saltcedar  for  honey 
production  needs  more  research.  Colonies  ap- 
parently must  be  widely  spaced  because  of  the 
possibility  of  disease.  Spreading  the  colonies 
would  allow  for  intervening  areas  to  be  man- 
aged for  other  purposes.  Mesquite  also  is 
valuable  for  apiaries.  Tannin  has  been  listed  as 
a  possible  resource  from  saltcedar,  but  the 
recent  tests  would  show  that  these  values  are 
comparatively  limited  and  it  would  not  be  pos- 
sible to  maintain  any  sort  of  an  industry  using 
tannin  obtained  from  saltcedar. 

Production  of  fuelwood  is  probably  not  very 
important  from  saltcedar  areas,  but  is  very  much 
so  from  mesquite  bosques  and  the  cottonwood 
areas.  Riparian  wood,  as  a  source  of  fuel,  has 
largely  been  replaced  just  as  has  the  wood-burn- 
ing stoves  that  originally  burned  this  wood. 
And  now,  of  the  numerous  streamside  species, 
only  Cottonwood  and  mesquite  occur  in  exten- 
sive enough  stands  to  support  a  timber  utiliza- 
tion industry.  Cottonwood  has  been  used  for 
pulpwood,  wood  shavings,  crating,  boxes,  and 
pallets.  In  northern  Mexico,  a  small  industry 
presently  utilizes  cottonwood  for  wooden  bowls 
and  small  statues.  In  Arizona,  cottonwood  is 
estimated  to  occur  on  less  than  8,000  acres;  the 
major  concentrations  are  in  the  Verde,  Little 
Colorado,  and  Gila  River  drainages  with  present 
stands  too  scattered  for  most  commercial  con- 
cerns (Barger  and  FfoUiott  1971). 

Flood  Control 

Saltcedar  and  other  species  tend  to  clog 
channels  because  the  seedlings  invade  sand- 
banks and  sandbars  close  to  the  stream.  As 
they  develop  a  barrier,  sediment  collects  in  the 
heavy  stands.  Floodflows  are  then  diverted  onto 
the  surrounding  lands.  These  diversions  tend 
to  spread  the  woody  barriersmore  widely,  which 
further  increases  the  flooding.  Deposition  of 
debris  above  the  delta  of  a  reservoir  may  be 
beneficial,  however,  if  it  keeps  the  debris  from 
entering  the  reservoir  and  reducing  its  storage 
capacity.  Another  factor  that  must  be  kept  in 
mind,  especially  after  clearing,  is  the  possibility 
of  channel  cutting  after  the  channel  banks  are 
cleared  of  vegetation.  Wind  erosion  likewise  can 
be  serious  after  clearing. 

Recreation 

Heavy  saltcedar  stands  are  not  particularly 
valuable  for  recreational  purposes;  campgrounds 
are  not  appropriate  mainly  because  of  hot  and 
humid  summer  days  and  because  of  the  un- 
pleasant exudation  of  salt  from  saltcedar  cover. 


especially  on  warm  mornings.  The  shrubs  art 
bare  during  the  fall  and  winter  and  they  art 
really  attractive  only  for  a  relatively  short  period 
in  spring  when  many  are  in  full  bloom. 
Saltcedar  areas  could,  of  course,  be  converted 
to  other  phreatophyte  types;  for  instance,  thc\ 
could  be  selectively  cleared  and  cottonwood  or 
mesquite  allowed  to  establish.  The  development 
of  picnic  and  camping  areas  is  an  important 
recreation  use  in  cottonwood  areas.  Cotton 
woods  are  appealing  and  are  definitely  needed 
in  areas  close  to  roads  or  where  recreational 
facilities  can  be  established. 

Preservation  of  Natural  Conditions 

Due  to  the  changes  in  phreatophyte  areas 
throughout  the  Southwest,  the  preservation  of 
natural  conditions  is  rarely  a  factor.  There  are 
mountain  reaches  in  Arizona  and  New  Mexico, 
however,  where  canyons  have  retained  their 
natural  ecological  balance.  The  desirability  of 
preserving  these  areas  is  very  great. 

CONTROL  METHODS 

To  establish  optimum  multiple-use  manage- 
ment in  phreatophyte  areas,  some  control  or 
manipulation  of  portions  of  the  vegetation  will 
often  be  required. 

Mechanical 

At  present,  the  rootplow  seems  one  of  the 
most  successful  mechanical  methods  for  control 
of  saltcedar  and  other  small  trees  and  shrubs. 
The  rootplow  undercuts  the  plants  and  raises 
them  so  they  dry  out  rapidly  and  are  killed. 
Plowing  can  be  done  most  effectively  when  the 
soil  is  relatively  dry  (Horton  1960).  Large  areas 
have  been  rootplowed  and  then  usually  raked 
to  get  the  material  into  windrows  so  it  will  not 
interfere  with  floodflows.  Because  rootplowing 
tends  to  kill  a  large  percentage  of  any  grass 
cover  mixed  with  the  saltcedar,  it  may  lead  to 
serious  wind  erosion.  Other  mechanical  methods 
of  removing  the  brush  were  described  by  Lowry 
(1966). 

Where  grass  is  a  factor  in  the  understory,  a 
rotary-type  mower  can  cut  the  shrubs  several 
inches  above  the  ground.  This  does  not  kill 
saltcedar,  but  grazing  can  further  reduce  or 
control  cover.  Although  larger  plants  cannot  be 
cut  in  this  fashion,  the  method  is  appropriate  if 
the  water  table  is  close  to  the  surface  and 
heavy  grazing  can  be  applied.  Other  trees,  for 
example  cottonwood  and  mesquite,  can  be 
selectively  removed  by  sawing  and  applying 
systemic  herbicides  to  the  trunk. 
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Chemical 

Much  research  has  been  done  on  the  chem- 
ical control  of  saltcedar  (Hughes  1966),  but  no 
really  satisfactory  method  has  been  developed. 
Translocation  is  relatively  slow,  and  the 
sprouting  ability  of  the  root  crown  is  such  that 
there  is  not  a  good  or  consistent  response  to 
chemical  methods. 

Antitranspirants 

A  great  deal  has  been  done  with  the  use  of 
chemicals  to  close  the  stomata  and,  therefore, 
decrease  transpiration  and  water  loss  on  agri- 
cultural crops.  Most  studies  have  also  shown  a 
corresponding  decrease  in  the  growth  of  the 
plant  due  to  decreased  photosynthesis.  Brooks 
and  Thorud  (1971)  evaluated  various  antitran- 
spirants on  saltcedar,  and  indicated  the  method 
has  possibilities. 


MANAGEMENT    APPROACHES 

The  development  of  optimum  management 
plans  for  the  alluvial  flood  plains  and  riparian 
reaches  of  Arizona  is  complicated  not  only  by 
the  great  variety  of  environmental  situations 
but  also  by  the  many  conflicting  demands  on 
the  various  resources.  For  management  pur- 
poses, the  flood  plains  can  be  identified  and 
separated  into  four  ground-water  levels,  which 
control  the  vegetation  structure.  Although  soil 
texture  and  salinity  are  also  important  factors, 
the  relationships  of  soil  characteristics  to 
vegetation  cover  of  the  flood  plains  are  not 
precisely  known;  thus,  optimum  management, 
at  present,  must  be  determined  primarily  by 
the  existing  vegetation  and  knowledge  of  water- 
table  depth.  The  riparian  reaches  in  canyons 
can  be  separated  by  altitude  and  by  species 
dominance  for  management  purposes. 

The  four  flood-plain  zones  are  not  precisely 
separated  by  water-table  depth  but  there  are 
specific  differences  between  the  zones  which 
affect  management  practices.  Due  to  the  abun- 
dance of  saltcedar,  this  species  is  used  as  a 
practical  means  of  separating  the  zones. 

Flood-Plain  Zone  1 
(Very  shallow  water  table  —  0-4  ft) 

This  zone  can  easily  be  recognized  by  the 
dwarfed  and  multistemmed  saltcedar  and  the 
vigorous  Bermudagrass  or  saltgrass  cover.  No 
specific  water  table  depth  can  be  given,  but  it 
is  generally  less  than  3  or  4  ft.  Along  some 
streams  this   particular  zone   is  not  developed 


because  the  stream  or  delta  banks  are  several 
feet  above  the  water  table. 

Grazing  and  flood  passageways  would  in 
most  cases  be  the  optimum  use  of  the  zone. 
Water  savings  would  be  small  if  the  saltcedar 
were  removed.  Wildlife  use  would  be  minimal 
because  the  shrubs  are  not  high  enough  for 
nesting  purposes.  The  shrubs  could  be  period- 
ically cut  with  a  rotary  mower  to  maintain  this 
zone.  Grazing  would  tend  to  keep  the  plants 
under  sufficient  control  to  minimize  main- 
tenance costs. 

In  summary,  zone  1  can  usually  be  managed 
for  grazing  and  flood  control  without  expecting 
any  appreciable  water  savings  or  revenues  from 
other  resources.  If  the  water  table  is  lowered 
by  pumping  or  water  diversion,  the  area  should 
be  reclassified  to  zones  2,  3,  or  4. 


Flood-Plain  Zone  2 
(Shallow  water  table  —  4-8  ft) 

The  water  table  is  shallow  enough  in  this 
zone  to  be  readily  available  to  the  roots  of  any 
grass,  but  not  so  shallow  as  to  restrict  growth 
of  saltcedar.  During  summer  rainy  periods  many 
grasses  establish  themselves  in  this  zone.  The 
water-table  depth  would  be  roughly  between  4 
and  8  ft,  depending  on  soil  characteristics. 

There  are  many  conflicting  uses  for  this 
zone.  The  saltcedar  stand  is  desirable  for  wild- 
life purposes  or,  in  some  areas,  as  a  haven  for 
bees.  But  saltcedar  can  also  be  removed  and 
the  water  thus  saved  utilized  either  by  pumping 
to  irrigate  on-site  replacement  vegetation  or 
allowed  to  increase  river  flow  an  unknown 
amount  for  off-site  use. 

On-site  use  of  the  salvaged  water  could  be 
directed  to  beneficial  resources  such  as  grazing 
areas  or  winter  food  for  migratory  waterfowl  or 
summer-maturing  grain  for  doves.  The  habit  of 
the  white-winged  dove  to  nest  in  colonies,  even 
in  uniform  cover,  would  it  seems,  allow  clearing 
of  a  portion  of  the  saltcedar  without  appreciably 
affecting  the  dove  population.  Moreover,  the 
bird's  dependence  on  agricultural  crops  for  food 
seems  to  be  a  more  determining  factor  in  its 
numbers  than  nesting  space. 

It  is  probable  that  partial  clearings  of  salt- 
cedar in  strips  or  patches  would  save  enough 
water  for  production  of  wildlife  food.  Optimum 
management  is  the  easiest  in  this  zone  with  its 
relatively  shallow  water  table,  and  both  wildlife 
and  better  land  utilization  can  be  provided. 

Fires  threaten  saltcedar  areas.  Breaking  the 
heavy  stands  into  blocks  would  make  wildfires 
easier  to  control  and  reduce  acreage  of  destroyed 
habitat. 
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Flood-Plain  Zone  3 
(Medium  water  table  —  8-20  ft) 

It  is  in  this  zone  that  the  greatest  water 
savings  could  be  obtained  by  the  removal  of 
phreatophyte  cover.  Practically  all  of  the  water 
consumed  by  a  heavy  stand  of  saltcedar  over  a 
water  table  even  as  deep  as  15  or  20  ft  below 
the  sui'face  would  be  available  for  salvage  if  the 
stand  were  cleared.  The  clearing  would  either 
raise  the  water  table  to  make  more  water  avail- 
able for  pumping,  or  would  increase  ground- 
water flow.  Many  water  salvage  programs  have 
been  designed  for  this  zone. 

Unfortunately,  this  zone  also  presents 
serious  problems  if  the  saltcedar  is  removed  for 
water  savings.  Inasmuch  as  the  water  table  is 
too  deep  for  the  establishment  of  Bermudagrass 
or  other  species  so  often  found  in  the  shallower 
water-table  areas,  the  vegetation  must  be  a  desert 
type  able  to  survive  on  the  annual  rainfall.  In 
some  cases,  precipitation  is  not  sufficient  to 
provide  a  suitable  vegetation  cover  to  protect 
the  soil  surface  from  wind  erosion  and  from  un- 
esthetic  appearance. 

Considerable  research  on  replacement  cover 
is  needed  if  the  present  tree,  shrub,  and  herba- 
ceous cover  is  removed  for  water  salvage.  Many 
desert  species,  such  as  Atriplex,  would  provide 
a  cover  for  wildlife  and  reduce  wind  erosion  if 
they  could  be  established  successfully. 

Optimum  management  of  this  zone  would 
leave  strips  or  blocks  of  untouched  saltcedar 
for  wildlife  between  cleared  areas  for  water 
savings  or  the  establishment  of  vegetation  to 
provide  food  for  doves  and  waterfowl.  Part  of 
the  water  saved  by  the  removal  of  saltcedar 
could  be  used  for  irrigation  to  establish  and 
maintain   a  vegetation   crop   for   wildlife  food. 

Much  research  is  needed  in  this  zone  to 
develop  optimum  management  practices.  The 
value  of  the  salvage  water  must  be  determined, 
and  the  values  of  saltcedar  for  wildlife  as  well 
as  methods  for  growing  food  for  doves  and 
waterfowl  must  also  be  developed. 

Flood-Plain  Zone  4 
(Deep  water  table  —  below  20  ft) 

Though  roots  of  mesquite  and  other  desert 
trees  may  penetrate  down  to  deeper  layers  than 
saltcedar,  we  have  no  information  on  the  relative 
depths  of  root  penetration  or  on  the  depths  to 
which  saltcedar  will  be  able  to  extract  water. 
Undoubtedly,  there  is  no  definite  demarcation 
between  this  and  the  other  zones;  the  20-fl 
figure  is  only  a  rough  approximation.  Scattered 
individuals  of  saltcedar  do  grow  in  alluvial  soils 
that  do  not  receive  any  moisture  other  than  the 


annual  rainfall  or  floods.  The  shrubs  are  ver_\ 
widely  spaced  and  become  dormant  during  tlu 
drier  periods  but,  when  rejuvenated  by  rain  oi 
floods,  will  gi'ow  rapidly  during  the  growing:; 
season. 

Reducing  the  water  table  from  a  zone  3  to 
zone  4  will  kill  a  large  percentage  of  the  salt- 
cedar in  a  dense  stand.  Also,  because  saltcedar 
is  easily  killed  if  burned  under  drought  stress, 
fires  take  an  additional  toll.  Much  of  the  Salt 
River  through  the  Tempe  and  Phoenix  area  has 
been  changed  to  this  type  of  open  tamarisk 
stand.  It  is  far  from  esthetic  and  is  not  particu- 
larly used  by  nesting  doves,  though  quail  and 
other  birds  may  occupy  fringes. 

Although  pumped  water  could  be  used  to 
develop  a  stand  or  groups  of  saltcedar,  cotton- 
wood  and  mesquite  would  be  preferable  for 
revegetating  this  zone  if  it  is  desired  to  provide 
picnicking  and  camping  sites  as  well  as  nesting 
habit  for  song  birds,  such  as  mourning  and 
white-winged  doves. 


Streams  Below  3,500  Feet 

At  elevations  below  3,500  ft,  particularly  on 
the  wide  flood  plains  of  ephemeral  streams  and 
arroyos  where  deep  alluvium  occurs  and  ground 
water  is  generally  less  than  about  20  ft,  deep- 
rooted  trees  and  shrubs  depend  on  the  subter- 
ranean water  throughout  the  growing  season. 
Depending  on  the  porosity  of  the  alluvium, 
annual  recharge,  size  of  the  aquifer,  and  the 
density  of  vegetation,  this  reservoir  of  ground 
water  will  be  depleted  by  evapotranspiration  each 
growing  season;  streamflow  from  winter  precip- 
itation sometimes,  but  not  always,  replenishes 
the  water  lost  to  evapotranspiration.  Obviously, 
removal  of  the  trees  and  shrubs  would  eliminate 
the  summer  transpirational  loss.  Water-budget 
analysis  in  this  zone  on  lower  Sycamore  Creek 
by  Thomsen  and  Schumann  (1968)  indicated 
evapotranspiration  losses  of  about  1.1  acre-ft 
from  some  1,400  acres  of  mesquite  and  acacia. 
In  this  case,  the  estimated  1,500  acre-ft  saved 
following  removal  of  the  deep-rooted  trees  and 
shrubs  would  flow  directly  into  the  Verde  River 
without  additional  costs  of  pumping  or  transpor- 
tation. On  flood  plains  in  remote  mountain 
reaches,  costs  of  pumping  and  transporting  the 
water  in  a  closed  system  to  permanent  rivers 
may  be  prohibitive;  a  management  alternative 
is  to  remove  the  vegetation  and  allow  the 
natural  channel  to  transport  the  increased  water 
yield.  In  a  natural  channel,  however,  expected 
increased  surface  water  and  soil  evaporation 
losses  might  nearly  equal  prior  losses  by  evapo- 
transpiration. 
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Finally,  present  uses  of  this  vegetated  zone 
—  by  livestock,  small  birds  and  mammals, 
campers,  picnickers,  and  small-game  hunters  — 
will  have  to  be  considered  carefully  before  vege- 
tation removal  for  water-yield  increases  are 
initiated. 

In  narrow  canyons  in  this  elevation  zone, 
vegetation  is  sparse  and  management  to  increase 
water  yields  is  not  feasible.  These  zones  could 
be  managed  to  increase  the  number  of  miles  of 
warm-water  fish  habitat.  Also,  construction  of 
nature  trails  would  create  recreational  areas 
which  are  currently  not  utilized  by  man.  Con- 
struction of  highway  "viewpoints"  near  narrows 
would  improve  tourist  conception  of  natural 
wonders. 

Streams  Between  3,500  and  7,000  Feet 

On  a  number  of  flood  plains  in  this  eleva- 
tion zone,  selective  thinning  or  removal  of 
undergrowth  could  improve  esthetic  appear- 
ances and  reduce  flood  hazards.  Water  savings, 
if  any,  from  such  thinning  treatments  are  not 
known;  in  general,  vegetation  removal  of  at 
least  40  percent  on  watersheds  has  been  neces- 
sary to  show  significant  water-yield  increases. 
Neither  is  the  exact  extent  of  losses  to  wildlife 
foods  and  habitats  known  as  a  result  of 
selective  thinning.  Recreation  use  would 
increase  if  the  area  is  accessible  by  nearby 
roads.  In  high-density  recreational  areas  where 
flooding  could  cause  loss  of  life  or  severe  prop- 
erty damage,  vegetation  thinning  for  flood  con- 
trols may  be  necessary.  Such  thinning  should 
not  be  so  severe  as  to  force  abandonment  of 
other  on-site  uses  of  the  streams,  however. 
Total  riparian  vegetation  eradication  for  water- 
yield  increases  is  not  recommended  because  of 
loss  of  fish  and  wildlife  habitats  and  recreation 
uses. 

In  narrows,  where  the  channel  is  mostly 
cut  on  bedrock,  present  uses  of  the  channel  are 
limited  to  fishei'men,  hikers  and  horsemen.  Some 
trails  should  be  relocated  away  from  the  stream- 
bank  to  prevent  bank  sloughing,  and  new  trails 
should  be  constructed  on  ridges  away  from  the 
stream  where  erosion  is  not  as  severe.  Neither 
vegetation  thinning  nor  complete  removal  is 
recommended  for  water-yield  increases  because 
of  the  generally  sparse  cover. 

Vegetation  treatment  on  small  tributaries  of 
major  channels  offers  a  distinct  opportunity  to 
increase  v/ater  yields  sufficiently  to  fill  small 
ponds  for  on-site  recreation  and  wildlife  use. 
Such  ponds  would  improve  land  utilization, 
particularly  in  the  chaparral  zone,  without 
destroying  esthetic  values.  Development  of 
water  for  on-site  uses  should  probably  become 
an  important  management  practice. 


Streams  Above  7,000  Feet 

Little,  if  any,  foreseeable  change  in  present 
management  practices  is  indicated  on  the  high- 
elevation  mountain  streams  in  the  Southwest. 
Neither  erosion  nor  evapotranspiration  losses 
are  severe  on  streams  above  7,000  ft  Recrea- 
tion and  wildlife  use  are  presently  not  severely 
in  direct  conflict.  Erosion  control  and  improve- 
ment of  fish  habitats  should  have  high  priority. 
In  general,  extensive  management  should  pre- 
vail in  these  zones  without  change  in  present 
management  objectives. 

Cottonwood  Management 

Cottonwood,  common  in  the  phreatophyte 
and  riparian  zones  of  the  upper  desert  and 
chaparral  areas,  once  dominated  most  of  the 
streams  and  flood  plains  of  the  Southwest,  even 
along  the  rivers  where  saltcedar  now  thrives. 
It  is  probable,  however,  that  it  did  not  develop 
readily  on  the  flood  plains  except  in  zones  1 
and  2,  described  above.  Zone  3  might  have  had 
Cottonwood  if  it  originally  developed  under 
more  favorable  moisture  conditions.  It  is  found 
at  present  most  commonly  along  alluvial  reaches 
in  the  foothill  or  mountain  areas. 

Except  for  limited  reach  studies,  information 
on  water  losses  from  cottonwood  areas  is  lacking 
but  the  indications  are  that  losses  would 
probably  equal  or  exceed  those  from  tamarisk. 

At  the  elevations  where  cottonwood  now 
flourishes,  indications  are  that  complete  removal 
of  the  trees  would  save  1.5  to  2.0  ft  of  water. 
No  information  is  available  on  the  amount  saved 
if  stands  are  only  thinned  or  after  other  natural 
growth  invades  the  streams. 

A  particularly  negative  feature  of  cotton- 
wood stands  adjacent  to  farmlands  is  the 
clogging  of  the  river  channel  and  diversion  of 
floodflows  onto  farmlands  or  other  develop- 
ments. Some  undergrowth  cutting  along  a 
central  channel  may  be  necessary  to  reduce 
flood  hazard.  These  clearings  might  be  used  for 
recreational  areas  or  to  increase  grazing. 

In  spite  of  these  disadvantages,  cottonwood 
stands  have  important  intangible  esthetic  values, 
such  as  the  bird  life  that  thrives  and  develops 
in  these  groves.  These  values  of  cottonwood 
must  be  taken  into  consideration  in  the  optimum 
management  of  our  streams. 

Thinning  cottonwood  stands  probably  would 
not  save  much  water.  It  is  probable  that  at 
least  50  percent  or  more  of  the  cover  would 
have  to  be  removed  before  there  would  be  any 
appreciable  savings.  Thus,  in  most  cases,  man- 
agement of  cottonwood  would  be  determined 
not  by  the  desire  to  increase  water  but  by  the 
need  for  flood  control,  or  the  suitability  of  the 
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area  tor  recreation  or  grazing  use.  Any  ol  these 
resources  could  be  developed  without  destruc- 
tion of  esthetic  values  if  sufficient  trees  are 
left.  However,  bird  life  seems  to  be  reduced  in 
proportion  to  the  amount  of  thinning. 

In  both  southern  New  Mexico  and  southern 
Arizona,  some  efforts  are  being  made  to  improve 
riparian  habitats  where  peripheral  bird  habitats 
lap  into  the  United  States  from  Sonoro,  Mexico. 
Livestock  are  being  excluded  in  some  areas  to 
allow  germination  and  or  resprouting  of  riparian 
species  in  an  effort  to  improve  wildlife  habitats 
and  to  encourage  bird  reproduction  in  the  area. 

Because  cottonwood  trees  grow  rapidly,  it 
is  relatively  easy  to  establish  them  wherever 
there  is  sufficient  water  for  esthetic  or  wildlife 
purposes. 

CONCLUSIONS 

Optimum  management  of  moist-site  areas, 
whether  dominated  by  saltcedar,  cottonwood,  or 
other  riparian  species,  requires  careful  consider- 
ation of  both  environmental  factors  and  the 
economic  needs  of  the  area.  Seldom  are  areas 
best  managed  by  devoting  the  land  to  a  single 
use,  as  compromise  management  will  usually 
return  the  greatest  economic  value  (Horton 
1972 ) . 

Only  rarely  in  the  Southwest  are  there 
phreatophyte  areas  that  would  be  best  managed 
by  complete  preservation.  Examples  are  areas 
of  cottonwood  and  other  native  species  in  the 
southern  portion  of  Arizona,  which  should 
definitely  be  set  aside  as  natural  areas. 
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PESTICIDE    PRECAUTIONARY   STATEMENT 

This  publication  reports  researcli  involving  pesticides. 
It  does  not  contain  recommendations  tor  their  use,  nor 
does  it  imply  that  the  uses  discussed  here  have  been 
registered.  All  uses  of  pesticides  must  be  registered  by 
appropriate  State  and/or  Federal  agencies  before  they 
can  be  recommended. 

CAUTION:  Pesticides  can  be  injurious  to  humans, 
domestic  animals,  desirable  plants,  and  fish  or  other 
wildlife  — if  they  are  not  handled  or  applied  properly. 
Use  all  pesticides  selectively  and  carefully.  Follow  rec- 
ommended practices  for  the  disposal  of  surplus  pesticides 
and  pesticide  containers. 
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Abstract 

A  multiproduct  analysis  indicates  that  public  lands  contain  gross 
volumes  per  acre  of  4,944  board  feet  (fbm)  of  saw  logs,  4,680  fbm  of 
veneer  logs,  or  3,052  fbm  of  stud  logs  if  inventoried  for  these  products 
individually.  If  inventoried  simultaneously  for  highest  multiproduct 
potentials,  however,  they  contained  gross  allocated  volumes  of  881, 
3,165,  and  143  fbm  per  acre  for  each  product,  respectively.  These 
analyses  demonstrate  the  usefulness  of  multiproduct  evaluation 
techniques  in  evaluating  utilization  alternatives. 

Oxford:  228:831.4:832.10,20:861.0.  Keywords:  Poles,  saw  logs,  veneer 
logs,  stud  logs,  pulp,  Pinus  ponderosa. 
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BLACK  HILLS  PONDEROSA  PINE  TIMBER: 
Poles,  Saw  Logs,  Veneer  Logs,  Stud  Logs,  or  Pulp? 


Vern  P.  Yerkes 


Introduction 

Describing  a  timber  stand  in  terms  of  board- 
foot  or  cubic-foot  volume  alone  does  not  ade- 
quately describe  its  potential  as  raw  material 
for  multiproduct  industry.  Total  cubic  volume 
estimates  may  be  useful  to  pulpwood  producers 
without  much  additional  information,  but  would 
be  of  little  value  to  plywood  producers  without 
some  definition  of  log  size  and  quality.  Likewise, 
the  number  of  board  feet  in  a  stand  would  be 
useful  information  to  an  experienced  local  saw- 
miller,  but  would  have  considerably  less  value 
to  a  producer  of  utility  poles. 

A  multiproduct  inventory  system  devised  by 
Barger  and  Ffolliott  (1970)  permits  evaluation 
of  a  timber  stand  for  several  products  from  one 
set  of  field  inventory  data.  Their  system  can  be 
coupled  with  a  computer  program  (MULTI), 
developed  by  Heidt  et  al.  (1971),  to  evaluate  the 
stand  for  virtually  any  primary  product  for 
which  a  set  of  grading  specifications  can  be 
defined. 

In  this  Paper,  two  segments  of  the  Black 
Hills  ponderosa  pine  resource  were  evaluated 
by  these  combined  multiproduct  field  inven- 
tory and  data  processing  systems.  The  analyses 
apply  the  following  currently  accepted  grading 
systems  for  poles  and  saw  logs,  and  prelimi- 
nary grading  systems  for  veneer  logs  and  stud 
logs.  The  output  of  the  computer  program  de- 
scribed the  two  forest  areas  in  terms  of  average 
volumes  per  acre  suitable  for  each  product  and 
product  grade.  Analysis  of  a  forest  resource 
for  potential  alternative  uses  will  permit  tim- 
ber managers  and  processors  to  identify  the 
most  profitable  products  or  product  mixes,  and 
will  help  them  make  management  adjustments 
to  achieve  maximum  benefits  from  the  resource. 


Product  Specifications 

Commercial  Poles 

The  specifications  and  dimensions  used  in 
this  study  are  a  conversion  of  American  Stan- 
dard pole  specifications  (American  Standards 
Association  1963)  to  outside-bark  diameter  di- 
mensions for  ponderosa  pine  poles.  The  con- 
verted table  of  dimensions  was  developed  by 
Bert  Jennings,  Forester,  Southwest  Forest 
Industries,  for  use  in  identifying  and  selecting 


ponderosa  pine  poles  in  the  field.  Specifications 
and  dimensions  follow: 

1.  All  trees  9.0  through  20.9  inches  d.b.h.with 
acceptable  pole  form,  will  be  considered 
potential  pole  material. 

2.  Defects  that  are  inadmissible  in  commercial 
poles  include 

— sweep  (deviation  greater  than  V3  d.b.h.), 
— major  crook  (deviation  greater  than  V2 

pole  diameter  at  crook), 
— knots  larger  than  4  inches  in  diameter 

dead  or  green), 
— knot  whorls  or  clusters  aggregating  more 

than  8  inches  of  knot  diameter  within  1 

linear  foot, 
— fork, 
— heart  rot, 
— lightning  scar, 
— fire  scar. 

3.  For  trees  meeting  minimum  merchantable 
specifications,  stem  length  to  the  first  limit- 
ing defect  will  be  recorded  (such  as  length 
to  first  inadmissible  knot,  and  so  forth). 
Such  defects  as  fork,  crook,  and  fire  scar,  if 
located  near  the  butt  or  top  of  the  stem,  may 
not  eliminate  the  pole  but  require  a  reduc- 
tion of  acceptable  pole  length. 

Table  l.--Pcle  specifications  for  ponderosa 
pine,  minimum  diameter,   inside  and 
outside  bark 


Pole 
lengti- 

Pole 

class 

1 ,  - 

(ft) 

1 

2 

3 

4 

5 

6 

7 

d 

.b.h. , 

o.b.  , 

inches 

16 

9.9 

9.4 

9.0 

18 

11.6 

11.0 

10.3 

9.7 

9.4 

20 

12.1 

11.3 

10.7 

10.0 

25 

13.2 

12.4 

11.8 

30 

14.8 

14.0 

13.2 

12.7 

35 

15.6 

14.8 

13.8 

13.4 

40 

16.5 

15.6 

14.7 

14.2 

45 

17.2 

16.3 

15.3 

14.8 

50 

18. 

,3 

17.8 

16.9 

16.1 

55 

19. 

,5 

18.5 

17.7 

60 

20. 

,0 

19.0 

18.2 

-  • 

-      ~ 

_      —      — 

Top, 

inchei>      -   - 

d.i.b. 

10. 

,0 

9.4 

8.8 

8.3 

7.8 

7.0 

6.0 

d.o.b. 

12. 

.0 

11.3 

10.6 

10.0 

9.4 

8.4 

7.2 

The  range  of  merchantable  diameters  and 
heights  of  commercial  poles  to  be  expected 
from  ponderosa  pine  in  the  Black  Hills  can  be 
approximated  from  table  1. 

Saw  Logs 

The  grading  specifications  used  for  saw  logs 
(Gaines  1962)  were: 

1.  Logs  6.0  inches  and  larger  in  scaling  diame- 
ter are  considered  potential  saw  logs.  All 
trees  9.0  inches  and  larger  in  d.b.h.  are  con- 
sidered sawtimber  trees. 

All  grading  specifications  are  written  for 
16-foot  log  lengths.  The  same  specifications 
apply  to  shorter  logs  in  proportion  to  their 
length. 

2.  All  logs  meeting  the  minimum  merchant- 
ability standards  are  graded  according  to 
the  Improved  Ponderosa  Pine  —  Sugar  Pine 
Log  Grades  (Gaines  1962).  Grades  criteria 
include: 

Panel  —  log  surface  area  one-fourth  the  cir- 
cumference and  4  feet  long. 
Primary  defect  —  log  knots,  including 
limbs,  limb  stubs,  overgrown  knots,  etc. 
Secondary  defect  —  scars,  burls,  forks, 
crooks,  cankers,  etc. 

Grading  specifications  for  four  of  the  five 
grades  are  abbreviated  below.  (Grade  4 
logs,  as  described  by  Gaines,  rarely  occur  in 
Black  Hills  ponderosa  pine.  Grade  4  was 
therefore  omitted  in  this  analysis.) 

Defects  Permitted 
Grade      Primary  Secondary 


Confined  to  three 
panels  or  less 


1  One  log  knot  not 
over  Vi  inch  in 
diameter 

2  Confined   to   four  Secondary  plus  pri- 
panels  or  less  mary  confined  to 

six  panels 

3  Six  panels  free  of 
all  grading  defects 

4  All  other  logs  with  net  scale  of  Vs  or 
more  of  gross  scale 

Veneer  Logs 

Preliminary  specifications  used  for  grading 
veneer  logs  (Yerkes  and  Woodfin  1972)  were: 

1.  Logs  8.0  inches  and  larger  in  scaling  diame- 
ter are  considered  potential  veneer  logs 
(8-foot  block  lengths  are  required). 


2.  Logs  will  be  graded  by  the  following 
specifications: 

Grade  1  —  blocks  believed  capable  of  yield- 
ing a  preponderance  of  C  and  better 
grades  of  veneer: 

(1)  Dead  knots  must  be  equal  to  or  less 
than  2  inches  in  horizontal  diameter. 

(2)  Live  knots  must  be  less  than  2  inches 
in  horizontal  diameter. 

Grade  2  —  blocks  believed  capable  of  yield- 
ing a  preponderance  of  D  grade  veneer: 

(1)  Dead  knots  greater  than  2  and  less 
than  4  inches  in  horizontal  diameter. 

(2)  Live  knots  —  no  limit. 

Unacceptable  —  if  logs  include: 

( 1 )  Dead  knots  greater  than  4  inches  hori- 
zontal diameter. 

(2)  Crook  greater  than  Vi  top  diameter  of 
the  8-foot  block. 

(3)  Fork  or  distorted  grain  associated 
with  fork. 

(4)  Fire  scar. 

(5)  Lightning  scar. 

(6)  Decayed  wood  where  lathe  chucks 
strike  block. 

Stud  Logs 

Preliminary  specifications  used  for  grading 
stud  logs  (Barger  and  Ffolliott  1970)  were: 

1.  Logs  6.0  through  16.9  inches  in  scaling 
diameter  will  be  considered  potential  stud 
logs.  All  specifications  are  to  be  applied  to 
8-foot  log  lengths. 

2.  Logs  that  meet  the  basic  size  and  quality 
requirements  for  stud  logs  will  be  graded  by 
the  following  specifications: 

Grade  1  —  attempts  to  identify  stud  logs 
from  which  a  high  proportion  of  SELECT 
and  CONSTRUCTION  grade  studs  can  be 
recovered: 

( 1 )  Dead  knots  allowed  to  1  inch  in  diame- 
ter. 

(2)  Green  knots  allowed  to  2  inches  in 
diameter. 

(3)  Total  number  of  knots  cannot  exceed 
16. 

Grade  2  —  attempts  to  identify  stud  logs 
from  which  a  high  proportion  of  STAN- 
DARD grade  studs  can  be  recovered: 

(1)  Dead  knots  allowed  to  2  inches  in 
diameter. 

(2)  Green  knots  allowed  to  2  inches  in 
diameter. 

(3)  Total  number  of  knots  cannot  exceed 
32. 


Grade  3  —  attempts  to  identify  stud  logs 
from  which  a  high  proportion  of  UTILITY 
and  ECONOMY  grade  studs  can  be  recov- 
ered: 

(1)  Dead  knots  allowed  to  2  inches  in 
diameter. 

(2)  Green  knots  allowed  to  3  inches  in 
diameter. 

(3)  Total  number  of  knots  unlimited. 
Unacceptable  —  if  logs  include: 

(1)  Dead  knots  greater  than  2  inches  in 
diameter. 

(2)  Green  knots  greater  than  3  inches  in 
diameter. 

(3)  Sweep  (deviation  greater  than  one- 
third  scaling  diameter). 

(4)  Crook. 

(5)  Fork  or  distorted  grain  resulting  from 
fork. 

(6)  Massed  pitch. 

(7)  Fire  or  lightning  scar. 

(8)  Heart  rot. 


Data  Collection  and  Analysis 

Field  data  were  collected  from  trees  5.0 
inches  d.b.h.  and  larger  from  permanent  sample 
plots  established  in  pole  and  sawtimber  stands. 
The  basic  system  described  by  Barger  and  Ffol- 
liott  (1970)  was  used,  although  some  modifica- 
tions were  necessary  to  provide  data  in  a  form 
useful  for  a  plywood  feasibility  study.  Data  are 
from  two  sources: 

1.  General  Ownership  Lands  —  a  1968  resur- 
vey  of  the  fixed-plot  permanent  sample 
plots  in  the  Black  Hills  National  Forest 
(USDA.FS),  Custer  State  Park  (State  of 
South  Dakota),-  and  the  Bureau  of  Land 
Management  (USDI)  Exemption  Area 
around  Lead  and  Deadwood,  South  Dakota. 

2.  Custer  State  Park  Lands  —  an  intensive 
timber  survey  in  1969  by  the  South  Dakota 
State  Forester's  Office,  based  on  a 
variable-plot  permanent  sampling  system 
for  the  Park  that  used  plot  establishment 
and  measurement  techniques  outlined  by 
the  USDA  Forest  Service  Survey  Project  at 
Intermountain  Forest  and  Range  Experi- 
ment Station,  Ogden,  Utah. 


Both  surveys  used  the  same  multiproduct 
evaluation  system,  but  because  sampling  sys- 
tems were  different,  data  cannot  be  combined. 
The  computer  program  MULTI  (Heidt  et  al. 
1971)  was  adjusted  to  accept  the  data  in  the 
format  as  collected. 

Stem  Characteristics 

Stem  characteristics  included  in  field  inven- 
tory data  for  multiproduct  evaluation  of  Black 
Hills  ponderosa  pine  were: 

Sweep  —  gradual  bend  in  the  merchantable  tree 

tree  stem. 

Class  1  —  deviation  of  the  stem  centerline 
from  a  straight  line  is  less  than  the  d.b.h. 
of  the  tree. 

Class  2  —  deviation  of  the  stem  centerline 
from  a  straight  line  is  greater  than  the 
d.b.h.  of  the  tree. 
Crook^  —  an  abrupt  bend  in  the  merchantable 

stem. 

Class  1  —  deviation  of  the  centerline  of  the 
stem  is  less  than  one-third  of  the  small- 
end  diameter  of  the  8-foot  section  contain- 
ing the  crook. 

Class  2  —  deviation  of  the  centerline  of  the 
stem  is  between  one-third  and  one-half  of 
the  small-end  diameter  of  the  8-foot  sec- 
tion containing  the  crook. 

Class  3  —  deviation  of  the  centerline  of  the 
stem  is  greater  than  one-half  the  small- 
end  diameter  of  the  8-foot  section  contain- 
ing the  crook. 

Location  —  location  of  crook  by  half-log  po- 
sition. 
Fork  —  point  where  merchantable  stem  divides 

into  two  or  more  stems  of  nearly  equal  size. 

Location  —  location  of  fork  by  half-log  posi- 
tion. 
Fire  or  basal  scar  —  distortion  of  the  lower  por- 
tion of  the  merchantable  stem  by  callous 

growth  and/or  exposed  wood  resulting  from 

fire  or  mechanical  damage. 

Class  1  —  distortion  or  exposed  wood  ex- 
tends less  than  one-fourth  the  circumfer- 
ence of  the  tree. 

Class  2  —  distortion  or  exposed  wood  ex- 
tends over  more  than  one-fourth  the  cir- 
cumference of  the  tree. 
Rot^  —  decayed  wood  visible  behind  or  in  fire  or 

basal  scars.  Only  visible  decay  is  recorded. 


^The  General  Ownership  survey  included  only  eight 
1 15-acre  plots  on  the  Custer  State  Park.  The  effect  of  these 
plots  in  the  General  Ownership  survey  is  considered  min- 
imal. The  more  intensive  survey  made  by  the  South 
Dakota  State  Forester's  Office  is  therefore  used  to  charac- 
terize the  Park  stands. 


^Indicates  a  deviation  from  the  basic  inventory  method 
described  by  Barger  and  Ffolliott  (1970).  Lean  was  not 
considered  a  defect  and  was  not  recorded. 


Lightning  Scar  —  vertical  or  spiraled  strip  of 
exposed  wood  and/or  callous  growth  result- 
ing from  a  lightning  strike. 
Class  1  —  damage  to  the  merchantable  stem 

is  limited  to  one  one-quarter  face  of  the 

merchantable  stem. 
Class  2  —  damage  to  the  merchantable  stem 

extends  into  more  than  one  one-quarter 

face  of  the  stem. 
Knots  —  side  branch  extending  from  the  mer- 
chantable stem. 
Live  —  branch  with  tight  bark,  live  needles 

on  twigs. 
Dead  —  branch  stub  with  no  live  needles. 

Product  and  Grade  Combinations 

Eleven  separate  combinations  of  product 
and  grade  were  evaluated,  both  as  independent 
products  and  on  a  product  priority  basis. 

Independent  product  evaluations  were  made 
by  evaluating  all  tree  stems  in  the  stand  for  only 
one  product  at  a  time.  Estimated  total  resource 
volume  per  acre  is  reported  alternatively  as 
that  suitable  for  each  individual  product. 

Product  priority  evaluations  were  made  by 
evaluating  each  tree  or  stem  section  for  its 
suitability  for  each  product,  beginning  with  the 
highest  valued  product  and  progressing  to  the 
lowest.  Each  stem  or  stem  section  was  allocated 
to  the  highest  valued  product  for  which  it  qual- 
ified. The  total  resource  volume  per  acre  is  re- 
ported collectively  as  the  proportion  of  stand 
volume  allocated  to  each  product  considered. 

Product-grade  combinations  were  ranked  in 
the  following  order  of  decreasing  value: 

1  —  Poles 

2  —  Grade  1  saw  logs 

3  —  Grade  2  saw  logs 

4  —  Grade  3  saw  logs 

5  —  Grade  1  veneer  logs 

6  —  Grade  2  veneer  logs 

7  —  Grade  1  stud  logs 

8  —  Grade  2  stud  logs 

9  —  Grade  3  stud  logs 

10  —  Grade  5  saw  logs 

11  —  Pulpwood 

Volumes  for  trees  and  logs  were  calculated 
from  Black  Hills  ponderosa  pine  volume  tables 
(Myers  1964),  with  merchantable  heights  cal- 
culated from  total  heights  (Van  Deusen  1967), 
and  volumes  distributed  by  log  position  through 
the  use  of  taper  tables  (Woodfin  1960).  Both 
gross  product  volume  and  volume  adjusted  for 
visual  scaling  defects  (reduced  volume)  were 
determined.  Defects  that  affect  usable  volume, 
and  average  scale  deductions  for  each  class  of 
defect,  were  calculated  as  shown  in  table  2. 

Grading  specifications  used  for  poles  were 
adapted  from  Association  specifications  for 


Table  2. --Percent  scale  reduction  applied  to 
product  volume  for  defects 


Defect 

Saw 

log2 

type  and 

Poles^ 

Veneer 

1  ««2 

stud 
log^ 

Pul 

degree 

16  ft 

8  ft 

log 

SWEEP: 

Class  1 

100 

0 

0 

0 

0 

0 

Class  2 

100 

20 

20 

0 

0 

0 

CROOK: 

Class  1 

0 

25 

50 

50 

50 

0 

Class  2 

0 

25 

50 

100 

100 

0 

Class  3 

C) 

25 

50 

100 

100 

0 

FORK 

r) 

25 

50 

100 

100 

0 

FIRE  OR 

BASAL  SCAR: 

Class  1 

r) 

0 

0 

n 

0 

{') 

Class  2 

r) 

13 

0 

{') 

25 

{') 

KNOTS(Inche 

s) 

Live  >4.0 

100 

0 

0 

0 

100 

0 

Dead  >4.0 

100 

0 

0 

0 

0 

0 

Dead  >4.0 

100 

0 

0 

100 

0 

0 

Dead  >3.0 

r) 

0 

0 

0 

100 

0 

ROT 

100 

0 

0 

(=) 

r) 

0 

LIGHTNING 

SCAR: 

Class  1 

100 

25 

25 

100 

25 

0 

Class  2 

100 

50 

50 

100 

50 

0 

'9.0  to  20.9  inches,  d.b.h. 

^9.0+  inches,  d.b.h.;  8-ft  veneer  log  length. 

^5.0  to  22.9  inches,  d.b.h.;  8-ft  log  length. 

''5-ft  reduction  in  pole  height  if  in  first  or 
last  8-ft  section;  100  percent  if  in  center  8- 
ft  section. 

^100  percent  if  rot  is   in  conjunction  with 
fire  scar;  25  percent  of  degree  2  fire  scar  and 
no  rot. 

^50  percent  of  butt  section. 

'Not  applicable. 

®100  percent  if  rot  i:   in  the  butt  section. 


wood  poles  (American  Standard  Association 
1963)  and  visually  applied  to  the  trees  during 
data  collection.  Grading  specifications  used  for 
saw  log  grades  were  those  developed  by  Gaines 
(1962)  and  included  in  the  basic  MULTI  pro- 
gram. Veneer  blocks  were  evaluated  according 
to  knot  size  and  defect  specifications  outlined 
by  Yerkes  and  Woodfin  (1972).  The  basic 
MULTI  program  was  adjusted  to  include 
changes  in  veneer  log  quality  criteria.  Stud  logs 
were  evaluated  according  to  knot  size  and  de- 
fect specifications  outlined  by  Barger  and  Ffol- 
liott  (1970),  and  included  in  the  program. 

Standard  errors  were  calculated  for  the 
General  Ownership  lands  by  means  of  cluster 
analysis  techniques  with  unequal  number  of 
subplots,  developed  by  J.  L.  Kovner,  Rocky 
Mountain  Station  biometrician.  Standard  errors 


for  Custer  State  Park  lands  were  calculated 
with  individual  plot  data  considered  as  random 
sample  observations. 

Results  and  Discussion 

Pole  and  sawtimber  stands  sampled  in  the 
1968  survey  of  the  General  Ownership  lands 
contained  an  average  volume  of  4,900  fbm  gross 
Scribner  scale  per  acre^  in  trees  9.0  inches  d.b.h. 
and  larger  (fig.  1,  table  3).  When  evaluated  for 
products  other  than  lumber,  these  stands  con- 
taiiied  gross  volumes  of  about  4,700  fbm  of  ve- 
neer logs  or  3,100  fbm  of  stud  logs  per  acre. 
Volume  deductions  for  visible  defects  were  9, 4, 
and  9  percent,  respectively,  for  the  three  prod- 
ucts. 

If,  on  the  other  hand,  each  log  or  block  were 
to  be  evaluated  for  its  highest  valued  product, 
the  same  stands  (fig.  2,  table  3)  would  contain  10 
commercial  poles,"'  4,190  fbm  of  logs  —  21  per- 

'All  board-foot  (fbm)  volume  figures  in  this  report  are 
Scribner  scale.  Product  volumes  that  have  been  reduced 
for  visual  scaling  defects  (table  2)  are  identified  as  "Re- 
duced scale." 

■'Some  of  the  stems  classed  as  poles  in  the  field  survey 
may  not  be  marketable  as  poles.  Height /diameter  ratio 
and  red  rot  were  not  considered  limitations  in  classifying 
stems  as  poles,  due  to  the  difficulty  of  evaluating  these 
characteristics  in  standing  trees. 


cent  saw  logs,  76  percent  veneer  logs,  and  3 
percent  stud  logs  —  and  147  ft '  of  pulpwood  per 
acre.  Board-foot  volume  differences  in  table  3 
are  the  result  of  shifting  potential  saw  log  ma- 
terial between  alternative  products. 

Timber  stand  data  of  the  same  type  were 
collected  for  Custer  State  Park  by  the  South 
Dakota  State  Forester's  Office  during  the  initia- 
tion of  a  permanent  sampling  system  for  the 
Park.  These  data  show  that  Custer  State  Park 
stands  differ  considerably  from  stands  sampled 
on  General  Ownership  lands.  They  contain 
smaller  gross  volumes  per  acre  (fig.  1,  table  3) 
in  all  single-product  classes  —  3,500  fbm  of  saw 
logs,  3,300  fbm  of  veneer  logs,  or  1,800  fbm  of 
stud  logs,  which  probably  reflects  the  fact  that 
Custer  State  Park  includes  some  of  the  eastern 
"fringe"  timber  of  the  Black  Hills  ponderosa 
pine  type  with  more  open  stands.  The  overall 
quality  of  the  Custer  State  Park  timber  stand  is 
higher,  however  (table  3),  as  indicated  by  higher 
proportions  of  saw  log  grades  1,  2,  and  3,  and 
veneer  log  grades  1  and  2.  This  higher  quality 
may  reflect  past  management  practices  in  the 
Park,  which  limited  cutting  largely  to  sanitation 
salvage  operations,  thereby  leaving  the  stand 
with  a  greater  proportion  of  old-growth  "high- 
quality"  stems. 

Estimated  total  cubic  volume  (pulpwood)  in 
sawtimber  and  pole  timber  stands  on  General 


5,000  r 


General  Ownership  Lands 


Custer  State  Park  Lands 


Saw  logs  Veneer  logs  Stud  logs  Saw  logs  Veneer  logs  Stud  logs 


Figure  1 .  —  Comparison  of  total  volume  per  acre  (gross  and  reduced,  fbm,  Scribner  Scale) 

suitable  for  independent  products. 


Table  3. --Estimated  volume  per  acre   (board  feet,  Scribner  scale),  by  independent  product  basis  and  on  product  priority  basis 


Tree 

INDEPENDENT 

'RODUCT  BASIS 

PRODUCT  PRIORITY  BASIS 

d.b.h. 
class 

Saw 

logs 

Veneer 
Gross 

logs' 
Reduced 

Stud  logs= 
Gross        Reduced 

Saw  1 

ogs 

Veneer 
Gross 

logs 
Reduced 

Stud  1 
Gross 

ogs 
Reduced 

Total 

(Inches) 

Gross 

Reduced 

Gross 

Reduced 

Gross 

Reduced 

feet  -  - 

-  Board  feet  -  - 
S 

GEN 

E  R  A  L 

OWNER 

SHIP 

LAND 

10 

496.52 

433.94 

536.03 

501.35 

554.44 

479.65 

44.97 

34.43 

367.45 

340.47 

34.34 

1.01 

446.76 

375.91 

12 

908.21 

813.26 

856.02 

814.53 

788.18 

702.00 

88.76 

72.42 

569.54 

541.98 

34.54 

1.23 

692.84 

615.63 

14 

1,020.34 

919.94 

955.70 

916.24 

748.73 

670.26 

119.82 

98.43 

678.61 

648.33 

36.88 

2.89 

835.31 

749.65 

16 

867.14 

791.22 

804.09 

788.16 

531.92 

493.48 

143.12 

126.16 

546.72 

535.54 

29.69 

8.83 

719.53 

670.53 

18 

650.31 

587.00 

603.38 

583.46 

325.93 

290.30 

172.89 

141.05 

383.85 

373.09 

5.43 

0.0 

562.17 

514.14 

20 

387.39 

365.94 

364.10 

355.09 

90.07 

87.57 

109.11 

101.89 

227.60 

223.79 

2.44 

1.22 

339.15 

326.90 

22 

253.77 

234.83 

225.40 

224.14 

13.03 

13.03 

98.08 

86.87 

151.61 

150.60 

0.0 

0.0 

249.69 

237.47 

24 

153.57 

139.07 

141.92 

139.35 

-- 

-- 

44.60 

39.42 

104.12 

101.93 

-- 

-- 

148.72 

141.35 

26 

107.30 

99.60 

101.88 

101.12 

-- 

-- 

35.84 

32.38 

68.19 

68.19 

-- 

-- 

104.03 

100.57 

28 

55.99 

54.18 

51.51 

51.03 

-- 

.- 

8.31 

8.31 

43.30 

42.82 

-- 

-- 

51.61 

51.13 

30 

13.61 

13.61 

13.61 

13.61 

-- 

-- 

4.90 

4.90 

8.71 

8.71 

-- 

-- 

13.61 

13.61 

32 

30.34 

26.19 

26.09 

21.54 

— 

— 

10.92 

6.77 

15.17 

15.17 

— 

— 

26.09 

21.94 

Total 

4,944.49 

4,478.78 

4,679.73 

4,509.62 

3,052.30 

2,736.29 

881.32 

753.03 

3,164.87 

3,050.62 

143.32 

15.18 

4,189.51 

3,818.83 

- 

.  -   .  - 

-  Percent  -  -  - 



-  - 

20 


76 


80 


<.5 


100 


100 


CUSTER         STATE         PARK         LANDS 


10 

274.05 

224.41 

333.71 

272.82 

330.28 

238.65 

47.82 

35.36 

261.33 

-  Board  feet  -  -  - 
209.68       26.29 

0.0 

335.44         2 

12 

563.66 

459.29 

550.19 

472.67 

379.28 

302.06 

156.17 

124.71 

370.04 

317.22 

11.57 

0.0 

537.78         4 

14 

679.10 

583.81 

635.52 

579.60 

409.89 

341.52 

218.20 

182.06 

345.16 

310.71 

12.53 

0.0 

575.89         4 

16 

648.72 

548.40 

567.05 

535.20 

354.16 

283.83 

272.53 

213.50 

309.33 

294.14 

20.84 

7.04 

602.70         5 

18 

490.57 

422.43 

442.45 

421.45 

232.31 

195.67 

233.89 

196.44 

211.59 

206.47 

7.46 

0.0 

452.94         4 

20 

437.83 

383.00 

388.11 

370.36 

77.05 

69.28 

166.88 

134.16 

222.81 

217.16 

2.70 

0.0 

392.39         3 

22 

232.15 

210.61 

194.07 

190.68 

11.87 

11.57 

93.30 

78.15 

125.97 

124.91 

0.0 

0.0 

219.27         2 

24 

97.32 

89.96 

92.32 

87.51 

-- 

-- 

52.89 

47.00 

44.43 

43.73 

-- 

-- 

97.32 

26 

48.54 

45.22 

41.00 

37.52 

-- 

-- 

22.66 

19.88 

22.19 

21.59 

-- 

-- 

44.85 

28 

0.0 

0.0 

0.0 

0.0 

-- 

-- 

0.0 

0.0 

0.0 

0.0 

-- 

-- 

0.0 

30 

7.58 

7.58 

5.69 

5.69 

-- 

— 

3.64 

3.64 

4.02 

4.02 

-- 

-- 

7.66 

Total         3,479.52     2,974.71     3,250.11     2,973.50     1,794.84     1,442.58     1,267.98     1,034.90     1,916.87     1,749.63      81.39       7.04     3,266.24     2.791.57 


59 


Percent 


63 


<.5 


100 


100 


'Includes  grades  1   and  2  veneer  logs 
'Includes  only  grades  1,   2,  and  3  stud  logs 


Ownership  lands  was  1,257  ft'  per  acre  for 
9.0-inch  and  larger  trees,  but  only  147  ft'  were 
left  as  a  residual  after  the  higher  valued  prod- 
ucts were  deducted.  Similar  estimates  for  Cus- 
ter State  Park  lands  were  933  ft ',  of  which  only 
126  ft'  remained  after  higher  valued  products 
were  deducted. 

Because  poles  were  considered  the  highest 
valued  potential  product,  the  pole  count  per 
acre  was  the  same  whether  the  stands  were 
analyzed  for  the  yield  of  either  a  single  product 
or  for  multiple  products  under  a  product  prior- 
ity system  (table  4).  To  more  precisely  estimate 
pole  values,  table  5  (appendix)  indicates  the 
number  of  poles  per  acre  in  each  d.b.h.  class  by 
pole  length  and  estimated  top  diameter  for  Gen- 
eral Ownership  lands. 

Detailed  data  describing  volumes  per  acre 
by  grades  for  the  other  products  considered  are 
similarly  presented  in  tables  5  through  8  (ap- 
pendix). 

As  an  example  of  the  kinds  of  comparisons 
that  can  be  drawn  from  these  analyses,  note  that 
the  independent  product  analyses  for  General 
Ownership  stands  indicate  about  equal  volumes 
of  timber  suitable  for  saw  logs  and  veneer  logs 
(table  3).  However,  if  the  product  priorities 
based  on  potential  value  are  applied,  the  timber 
volume  allocated  to  veneer  logs  is  about  3'/2 
times  that  allocated  to  saw  logs  (table  3).  These 
proportions  will  change  any  time  different 
product  priorities  or  specifications  are  used. 
The  usefulness  of  such  information  in  deciding 
what  products  to  manufacture  or  what  timber 
management  objectives  to  establish  is  appar- 
ent. 


Conclusions 

A  multiproduct  analysis  of  the  type  de- 
scribed here  provides  the  resource  manager 
with  qualitative  and  quantitative  information  on 
the  timber  stand  that  allows  him  to  realistically 
evaluate  alternative  management  objectives. 
Treatments  that  would  emphasize  an  individual 
product  can  be  compared  against  treatments  to 
produce  a  mix  of  products,  with  specific  prod- 
ucts given  priority  according  to  their  value. 

This  type  of  analysis  in  the  Black  Hills  indi- 
cates that  ponderosa  pine  stands  on  public 
(General  Ownership)  lands  contain  gross  vol- 
umes per  acre  of  4,944  fbm  of  saw  logs,  4,680 
fbm  of  veneer  logs,  or  3,052  fbm  of  stud  logs  if 
inventoried  for  these  products  individually. 
However,  if  inventoried  simultaneously  for 
highest  multiproduct  potentials,  the  same 
stands  would  contain  gross  allocated  volumes  of 
881,  3,165,  and  143  fbm  per  acre  for  each  prod- 
uct, respectively. 

By  comparison,  Custer  State  Park  lands  con- 
tain smaller  gross  volumes  per  acre,  but  of 
higher  quality.  If  inventoried  for  a  single  prod- 
uct, the  stands  would  contain  gross  volumes  of 
3,480  fbm  of  saw  logs,  3,250  fbm  of  veneer  logs, 
or  1,795  fbm  of  stud  logs.  However,  if  inven- 
toried for  multiproduct  potential,  these  stands 
would  contain  1,268  fbm  of  saw  logs,  1,917  fbm 
of  veneer  logs,  and  81  fbm  of  stud  logs  per  acre. 

These  analyses  demonstrate  the  usefulness 
of  multiproduct  evaluation  techniques  in 
evaluating  utilization  alternatives.  Successful 
application  of  the  multiproduct  inventory  and 
analysis  system  to  Black  Hills  ponderosa  pine 


General  Ownership  Lands 


Custer  State  Park  Lands 


stud  Logs  3 


Stud  Logs  <0.5% 


Stud  Logs  It 


Stud  Logs  <0.5% 


Gross  scale 
(4,190  fbm/acre) 


Reduced  scale 
(3,819  fbm/acre) 


Gross  scale  Reduced  scale 

(3,266  fbm/acre)         (2,792  fbm/acre) 


Figure  2.  —  Comparison  of  the  proportion  of  Black  Hills  timber  stands  suitable  for  the  highest 

valued  individual  products. 


Table  4. --Estimated  number  of  poles  per  acre  by  pole  height 


Tree 

d.b.h. 
class 
(Inches) 


15 


20 


Pole  height  (ft) 


25 


30 


35 


40 


45 


50 


55 


60 


Total 


10 
12 
14 
16 
18 
20 

Total 


0.06 
.06 
.01 
.02 


,15 


1.85 
1.21 
.47 
.16 
.12 
.03 


3.84 


1.24 
.86 
.47 
.13 
.06 
.01 


GENERAL  OWNERSHIP  LANDS' 


0.78 
.83 
.24 
.20 
.06 
.01 


0.10 
.37 
.27 
.16 
.01 
.03 


0.04 
.11 
.07 


0.01 


.02 
.03 


0.01 
.01 
.01 


0.01 


2.77 


2.12 


.94 


.22 


.06 


.03 


.01 


4.04 

3.37 

1.58 

.77 

.29 

.09 


10.14 


Total 


.05 


CUSTER  STATE  PARK  LANDS' 


.04 


10 

— 

.37 

.81 

-- 

-- 

12 

— 

.10 

.18 

.16 

-- 

14 

-- 

.23 

.23 

.14 

.08 

16 

.03 

.06 

.09 

-- 

.03 

18 

— 

.04 

.03 

-- 

.02 

20 

.02 

.02 

.02 

.02 

.02 

.82 


1.36 


.02 


.02 


.32 


.15 


.06 


.02 


1.18 
.44 
.72 
.21 
.11 
.12 


2.78 


'     Some  of  the  stems  classed  as  poles   in  the  field  survey  may  not  be  marketable  as  poles. 
Height/diameter  ratio  and  red  rot  were  not  considered  limitations   in  classifying  stems  as  poles, 
due  to  the  difficulty  of  evaluating  these  characteristics   in  standing  trees. 


stands  suggests  that  any  timber  resource  can  be 
similarly  analyzed,  using  appropriate  product 
specifications  and  priorities. 
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Appendix 

Detailed  Product  Volumes  Per  Acre  —  Inde- 
pendent Product  and  Product  Priority  Bases 


Table  5. --Estimated  number  of  poles  per  acre  by  d.b.h.  classes.  General  Ownership  lands' 


Pole 

Pole  top  diameter  outside  bark  (inches) 

height 

(feet) 

5 

6 

7 

8 

9 

10 

11                12                 13               14 

15 

16 

17 

18 

Total 

in-inrh    H    h    h       rlacc     (977    troocl     _    -    . 

-      -      _      _ 

15 

.. 

0.040 

0.013 

0.010 

— 

0.063 

20 

0.040 

.581 

.857 

.329 

0.044 

1.851 

25 

.084 

.541 

.487 

.111 

-- 

1.223 

30 

.111 

.430 

.202 

.020 

.020 

.783 

35 
40 
45 

.040 

.010 

.044 

.010 

-- 

.104 

- 

.010 

- 

- 

- 

.010 

Total 

.275 

1.612 

1.603 

.480 

.064 

4.034 

15 

.. 

.010 

.. 

.020 

.024 

0.010 

.064 

20 

.040 

.013 

.222 

.501 

.222 

.198 

0.010 

1.206 

25 

-. 

.158 

.215 

.215 

.218 

.044 

.. 

.850 

30 

.020 

.192 

.289 

.245 

.084 

.. 

.- 

.830 

35 

.010 

.091 

.104 

.151 

.010 

— 

— 

.366 

40 

.010 

-- 

-- 

.030 

- 

-- 

-- 

.040 

Total 

.080 

.464 

.830 

1.162 

.558 

.252 

.010 

3.356 

15 

.010 

.010 

20 

— 

— 

— 

.067 

.111 

.124 

.087         0.081 

.470 

25 

-- 

-. 

.020 

.030 

.094 

.195 

.081            .034           0.020 

.474 

30 

— 

.020 

.040 

.074 

.050 

.044 

.010 

.238 

35 

-- 

.034 

.064 

.050 

.044 

.054 

.020 

.266 

40 
45 
50 

.010 

— 

.050 

.030 

.010 

.010 

— 

.110 

- 

- 

- 

- 

- 

.010 

- 

.010 

Total 

.010 

.054 

.174 

.251 

.309 

.447 

.198            .115             .020 

1.578 

15 

.. 

.. 

.. 

.. 

.. 

.020 

.020 

20 

-_ 

-- 

-- 

-- 

.071 

.020           .030             .020         0.020 

.161 

25 

— 

-- 

.024 

-- 

.010 

.050           .020             .030 

.134 

30 

— 

-- 

_- 

.040 

.044 

.030           .054             .030 

.198 

35 

.010 

.024 

.034 

.013 

.020 

.030           .020             .013 

.164 

40 

.010 

-- 

.010 

.024 

.013 

.013 

.070 

45 

— 

.010 

.010 

-. 

.. 

.. 

.020 

50 

- 

-- 

- 

-- 

.010 

- 

.010 

Total 

.020 

.034 

.078 

.077 

.168 

.143           .144             .093           .020 

.777 

-  . 

.... 

20 

_. 

.050             .010           .020 

.. 

0.040 

.120 

25 

.. 

.010           .020             .010           .020 

-- 

— 

.060 

30 

.. 

.030               --              .010 

0.010 

.010 

.060 

35 

.. 

.013 

-- 

-- 

.013 

40 

.. 

-. 

-- 

-- 

" 

45 

.020 

.010 

-- 

-- 

.030 

50 

.013 

- 

-- 

-- 

.013 

Total 

.033 

.050           .083             .030           .040 

.010 

.050 

.296 

_ 

.... 

. 

... 

20 

— 

_. 

.. 

0.020 

0.010 

.030 

25 

.010 

.. 

.- 

-- 

-- 

.010 

30 

.010 

-. 

-. 

-- 

-- 

.010 

35 

.013 

.010 

.010 

-- 

— 

.033 

40 

.. 

-- 

-- 

-- 

— 

— 

45 

— 

-- 

— 

-- 

-- 

— 

50 

.. 

— 

-- 

-- 

-- 

— 

55 

— 

-- 

-- 

-- 

— 

— 

60 

.010 

-- 

-- 

-- 

-- 

.010 

Total 

.010           .033 

.010 

.010 

.020 

.010 

.093 

■Some  of  the  stems  classed  as  poles  in  the  field  survey  may  not  be  marketable  as  poles.  Height/diameter  ratio  and  red  rot  were  not  considered  limita- 
tions in  classifying  stems  as  poles,  due  to  the  difficulty  of  evaluating  these  characteristics  in  standing  trees. 


Table  6. — Estimated  saw-log  volume  per  acre  (board  feet,  Scribner  scale),  by  independent  product  basis 
and  on  product  priority  basis 


Tree 

d.b.h. 

Grade  1 

Grade  2 

Grade  3 

Grade  5 

Total 

class 

(Inches) 

Gross 

Reduced 

Gross 

Reduced 

Gross 

Reduced 

Gross 

Reduced 

Gross 

Reduced 

S  E  N  E 

R  A  L 

0  W  N  E 

R  S  H  I  P 

LAN 

D  5 

INDEPENDENT  PRODUCT 

BASIS 

10 

0.83 

0.65 

4.41 

3.63 

44.07 

33.51 

447.21 

396.15 

496.52 

433.94 

12 

4.46 

3.51 

12.64 

9.54 

87.31 

72.57 

803.80 

727.64 

908.21 

813.26 

14 

8.62 

6.62 

30.60 

22.25 

106.40 

94.00 

874.72 

797.07 

1,020.34 

919.94 

15 

19.17 

18.31 

24.03 

20.62 

122.19 

111.78 

701.75 

640.51 

867.14 

791.22 

18 

27.24 

24.52 

40.30 

33.15 

117.51 

98.06 

465.26 

431.27 

650.31 

587.00 

20 

17.58 

14.18 

32.31 

29.96 

62.33 

60.74 

275.17 

261.06 

387.39 

365.94 

22 

34.67 

28.50 

21.32 

20.91 

35.34 

33.41 

162.44 

152.01 

253.77 

234.83 

24 

10.72 

8.22 

2.98 

2.60 

27.84 

27.30 

112.03 

100.95 

153.57 

139.07 

26 

8.03 

7.19 

3.32 

3.32 

24.49 

21.87 

71.46 

67.22 

107.30 

99.60 

28 

4.28 

4.28 

0.0 

0.0 

4.03 

4.03 

47.68 

45.87 

55.99 

54.18 

30 

0.0 

0.0 

0.0 

0.0 

4.90 

4.90 

8.71 

8.71 

13.61 

13.61 

32 

10.92 

6.77 

0.0 

0.0 

0.0 

0.0 

19.42 

19.42 

30.34 

26.19 

Total 

146.52 

122.75 

171.91 

145.98 

636.41 

562.17 

3,989.65 

3,647.88 

4,944.49 

4,478.78 

Standard 

error 

18.28 

15.65 

16.14 

14.06 

49.40 

44.28 

156.44 

147.81 

PRODUCT  PRIORITY  BASIS 

10 

.83 

.65 

3.81 

3.11 

40.16 

29.76 

.17 

.91 

44.97 

34.43 

12 

3.90 

2.95 

11.50 

8.39 

71.76 

58.00 

1.50 

3.08 

88.76 

72.42 

14 

7.98 

5.98 

28.96 

20.80 

80.21 

69.41 

2.67 

2.24 

119.82 

98.43 

16 

17.19 

16.33 

20.58 

17.17 

98.00 

88.08 

7.35 

4.58 

143.12 

126.16 

18 

27.24 

24.52 

35.73 

28.58 

101.92 

83.20 

8.00 

4.75 

172.89 

141.05 

20 

15.76 

12.82 

32.31 

29.96 

60.44 

58.85 

.60 

.26 

109.11 

101.89 

22 

34.67 

28.50 

21.32 

20.91 

35.34 

33.41 

6.75 

4.05 

98.08 

86.87 

24 

10.72 

8.22 

2.98 

2.60 

27.84 

27.30 

3.06 

1.30 

44.60 

39.42 

26 

8.03 

7.19 

3.32 

3.32 

24.49 

21.87 

0.0 

0.0 

35.84 

32.38 

28 

4.28 

4.28 

0.0 

0.0 

4.03 

4.03 

0.0 

0.0 

8.31 

8.31 

30 

0.0 

0.0 

0.0 

0.0 

4.90 

4.90 

0.0 

0.0 

4.90 

4.90 

32 

10.92 

6.77 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10.92 

6.77 

Total 

141.52 

118.21 

160.51 

134.84 

549.09 

478.81 

30.20 

21.17 

881.32 

753.03 

Standard 

error 

17.99 

15.42 

15.65 

13.57 

43.28 

38.13 

4.90 

2.83 

CUSTER         STATE         PARK         LANDS 


INDEPENDENT  PRODUCT  BASIS 


10 

4.85 

4.43 

0.0 

0.0 

45.03 

32.16 

224.17 

187.82 

274.05 

224.41 

12 

12.56 

10.44 

26.29 

19.62 

117.55 

92.09 

407.26 

337.14 

563.66 

459.29 

14 

26.93 

20.71 

59.98 

50.70 

149.14 

128.41 

443.05 

383.99 

679.10 

583.81 

16 

30.89 

22.39 

59.66 

44.45 

188.21 

157.18 

369.96 

324.38 

648.72 

548.40 

18 

20.30 

15.91 

47.06 

40.14 

170.56 

144.53 

252.65 

221.85 

490.57 

422.43 

20 

18.91 

13.52 

20.72 

17.50 

129.10 

113.00 

269.10 

238.98 

437.83 

383.00 

22 

26.27 

22.02 

19.17 

16.37 

41.62 

37.28 

145.09 

134.94 

232.15 

210.61 

24 

15.24 

12.40 

11.05 

8.87 

23.67 

23.10 

47.36 

45.59 

97.32 

89.96 

26 

6.11 

4.28 

10.16 

9.21 

6.39 

6.39 

25.88 

25.34 

48.54 

45.22 

28 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

0.0 

0.0 

3.64 

3.64 

0.0 

0.0 

3.94 

3.94 

7.58 

7.58 

Total 

162.06. 

126.10 

257.73 

210.50 

871.27 

734.14 

2,188.46 

1,903.97 

3,479.52 

2,974.71 

Standard 
error 

30.79 

24.89 

40.30 

33.80 

102.86 

88.10 

192.43 

168.36 

PRODUCT  PRIORITY  BASIS 

10 

4.85 

4.43 

0.0 

0.0 

42.97 

30.61 

0.0 

0.32 

47.82 

35.36 

12 

12.56 

10.44 

26.29 

19.62 

114.81 

90.04 

2.51 

4.61 

156.17 

124.71 

14 

26.93 

20.71 

56.70 

47.84 

132.07 

1 1 1 .  34 

2.50 

2.17 

218.20 

182.06 

16 

30.89 

22.39 

59.66 

44.45 

173.26 

142.66 

8.72 

4.00 

272.53 

213.50 

18 

20.30 

15.91 

43.54 

36.62 

165.17 

139.14 

4.88 

4.77 

233.89 

196.44 

20 

15.81 

10.82 

20.72 

17.50 

110.69 

95.09 

19.66 

10.75 

166.88 

1  34 . 1 6 

22 

26.27 

22.02 

19.17 

16.37 

41.62 

37.28 

6.24 

2.48 

93.30 

78.15 

24 

15.24 

12.40 

11.05 

8.87 

23.67 

23.10 

2.93 

2.63 

52.89 

47.00 

26 

6.11 

4.28 

10.16 

9.21 

6.39 

6.39 

0.0 

0.0 

22.66 

19.88 

28 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

0.0 

0.0 

3.64 

3.64 

0.0 

0.0 

0.0 

0.0 

3.64 

3.64 

Total 

158.96 

123.40 

250.93 

204.12 

810.65 

675.65 

47.44 

31.73 

1,267.98 

1,034.90 

Standard 

error 

30.79 

24.88 

39.11 

32.57 

95.58 

80.54 

14.66 

8.99 

10 


Table  7. --Estimated  veneer-log  volume  per  acre   (board  feet,  Scribner  scale),   by  indepond-nt  product  basis  and  on  product  priority  basis 


Tree 
d.b.h. 
class 
(Inches) 

INDEPENDENT  PRODUCT  BASIS 

PRODUCT  PRIORITY  BASIS 

Gra 

de  1 

Grade 

2 

Total 

Unacceptable 
Gross       Reduced 

Gra 

de  1 

Grade 

2 

Total 

Gross 

Reduced 

Gross 

Reduced 

Gross 

Reduced 

Gross 

Reduced 

Gross 

Reduced 

Gross 

Reduced 

G 

E  N  E  R  A  L 

0  W  N  E  R  S  H 

I   P         L 

A  N  D  S 

10 

493.84 

462.18 

42.19 

39.17 

536.03 

501.35 

48.39 

.41 

331.52 

307.49 

35.83 

32.98 

367  45 

340  47 

12 

685.97 

650.63 

170.05 

163.90 

856.02 

814.53 

70.38 

2.04 

438.40 

416.15 

131.14 

125.83 

569.54 

541.98 

14 

617.55 

587.92 

338.15 

328.32 

955.70 

916.24 

71.88 

1.66 

397.38 

376.02 

281.23 

272.31 

678.61 

648.33 

16 

433.88 

422.99 

370.21 

365.17 

804 . 09 

788.16 

66.68 

4.55 

233.21 

226.98 

313.51 

308.56 

546.72 

535.54 

18 

274.01 

260.68 

329.37 

322.88 

603.38 

583.46 

46.93 

6.54 

115.40 

110.99 

268.45 

262.10 

383.85 

373.09 

20 

156.58 

149.29 

207.52 

205.80 

364 . 1 0 

355.09 

23.29 

2.99 

51.24 

48.81 

176.36 

1 74 . 98 

227.60 

223.79 

22 

90.24 

89.99 

135.16 

134.15 

225.40 

224.14 

28.36 

4.72 

28.69 

28.69 

122.92 

121.91 

151.61 

150.60 

24 

47.91 

47.52 

94.01 

91.83 

141.98 

139.35 

11.66 

0.0 

14.62 

14.62 

89.50 

87.31 

104,12 

101.93 

26 

46.75 

45.99 

55.13 

55.13 

101.88 

101.12 

5.41 

1.19 

16.60 

16.60 

51.59 

51.59 

68.19 

68.19 

28 

10.41 

10.41 

41  .10 

40.62 

51.51 

51.03 

4.48 

3.19 

4.02 

4.02 

39.28 

38.80 

43.30 

42.82 

30 

2.72 

2.72 

10.89 

10.89 

13.61 

13.61 

0.0 

0.0 

0.0 

0.0 

8.71 

8.71 

8.71 

8  71 

32 

10.92 

6.37 

15.17 

15.17 

26.09 

21.54 

4.25 

4.25 

0.0 

0.0 

15.17 

15.17 

15.17 

15.17 

Total 

2,870.78 

2,736.59 

1,808.95     1 

,773.03 

4,579.73     4 

,508.62 

381.71 

31.54 

1,631.18 

1,550.37 

1,533.69     1 

,500.25     3 

,164.87 

3,050.62 

Standard 

error 

111.24 

107.36 

78.15 

77.60 

21.90 

4.87 

72.16 

69.73 

67.62 

66.91 

C 

'J  S  T  E  R 

STAT 

E         P  A 

R  K         L 

A  N  D  S 

10 

265.80 

216.93 

67.91 

55.89 

333.21 

272.82 

46.04 

1.10 

201.23 

160.95 

60.10 

48.73 

261.33 

209.68 

12 

325.27 

272.52 

224.92 

200.15 

550.19 

472.67 

53.76 

8.72 

173.74 

143.32 

1 96 . 30 

173.90 

370.04 

317.22 

14 

334.78 

295.04 

300.74 

283.56 

635.52 

579.60 

49.81 

8.71 

118.68 

100.08 

226.48 

210.63 

345.16 

310.71 

16 

278.30 

254.59 

288.75 

280.61 

567.05 

535.20 

93.91 

11.48 

91.24 

81.95 

218.09 

212.19 

309.33 

294.14 

18 

203.06 

185.72 

239.39 

235.73 

442.45 

421.45 

50.14 

11.42 

41.99 

39.14 

169.60 

167.33 

211.59 

206.47 

20 

143.27 

130.35 

244.84 

240.01 

388.11 

370.36 

50.72 

12.92 

35.17 

33.48 

187.64 

183.68 

222.81 

217.16 

22 

66.59 

63.81 

127.48 

126.87 

194.07 

190.68 

39.08 

12.90 

17.53 

16.47 

108.44 

108.44 

125.97 

124.91 

24 

39.77 

34.96 

52.55 

52.55 

92.32 

87.51 

4.99 

4.66 

2.96 

2.26 

41.47 

41.47 

44.43 

43.73 

26 

15.07 

12.52 

25.93 

25.00 

41.00 

37.52 

7.54 

7.54 

3.19 

3.19 

19.00 

18.40 

22.19 

21.59 

28 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

30 

1.67 

1.67 

4.02 

4.02 

5.69 

5.69 

1.89 

1.89 

0.0 

0.0 

4.02 

4.02 

4.02 

4.02 

Total 

1,673.58 

1,469.11 

1,576.53     1 

,504.39 

3,250.11      2 

,973.50 

397.88 

81.34 

685.73 

580.84 

1,231.14     1 

,168.79     1 

,916.87 

1,749.63 

151.87         138.45         134.74         131.93 


42.00 


18.41 


81.53 


70.56         109.46         105.08 
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Table  8.— Estimated  stud-log  volume  per  acre   (board  feet,  Scribner  scale),  by  independent  product  basis 
and  on  product  priority  basis 


Grade  1 


Grade  2 


Grade  3 


Total 


Unacceptable 


Tree 

d.b.h.         

class 
(Inches)       Gross         Reduced        Gross         Reduced       Gross     Reduced      Gross        Reduced       Gross     Reduced 


GENERAL 


OWNERSHIP 


LANDS 


INDEPENDENT  PRODUCT  BASIS 


10 

194.91 

166.94 

323.10 

281.93 

36.43 

30.78 

554.44 

479.65 

18.06 

12.35 

12 

270.62 

233.81 

445.78 

403.79 

71.78 

64.40 

805.39 

702.00 

71.74 

54.53 

14 

296.37 

251.17 

360.88 

334.32 

91.48 

84.77 

748.73 

670.26 

133.18 

115.13 

16 

248.54 

226.75 

210.98 

200.49 

72.40 

66.24 

531.92 

493.48 

159.22 

145.01 

18 

187.89 

162.29 

111.00 

102.63 

27.04 

25.38 

325.93 

290.30 

146.29 

135.08 

20 

44.15 

43.19 

33.04 

32.12 

12.88 

12.26 

90.07 

87.57 

66.28 

61  .84 

22 

4.82 

4.82 

5.76 

5.76 

2.45 

2.45 

13.03 

13.03 

30.39 

28.40 

Total 

1,247.30 

1.088.97 

1,490.55 

1,361.04 

314.45 

286.28 

3,052.30 

2,736.29 

625.16 

552.34 

Standard 

error 

61.91 

54.80 

76.40 

71.86 

15.52 

15.26 

28.00 

25.09 

PRODUCT  PRIORITY  BASIS 

10 

12.46 

.46 

18.92 

.48 

2.96 

.07 

34.34 

1.01 

12 

9.20 

.74 

21.32 

.49 

4.02 

0.0 

34.54 

1.23 

14 

21.39 

1.37 

12.81 

1.52 

2.68 

0.0 

36.88 

2.89 

16 

13.44 

3.96 

10.66 

4.20 

5.59 

.67 

29.69 

8.83 

18 

2.81 

0.0 

2.62 

0.0 

0.0 

0.0 

5.43 

0.0 

20 

0.0 

0.0 

1.19 

.60 

1.25 

.62 

2.44 

1.22 

22 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

59.30 

6.53 

67.52 

7.29 

16.50 

1.36 

143.32 

15.18 

Standard 

error 

7.65 

1.81 

5.95 

1.73 

1.74 

.38 

CUSTER 


STATE 


PARK 


LANDS 


INDEPENDENT  PRODUCT  BASIS 


10 

111.14 

71  .07 

189.19 

143.49 

29.95 

24.09 

330.28 

238.65 

42.15 

27.96 

12 

184.83 

139.48 

160.06 

133.04 

34.39 

29.54 

379.28 

302.06 

172.07 

128.82 

14 

204.15 

166.39 

155.85 

129.66 

49.89 

45.47 

409.89 

341.52 

162.55 

135.20 

16 

205.38 

156.16 

122.86 

106.29 

25.92 

21.38 

354.16 

283.83 

165.60 

147.16 

18 

152.22 

128.99 

70.77 

57.36 

9.32 

9.32 

232.21 

195.67 

125.19 

113.20 

20 

34.43 

28.66 

29.69 

27.69 

12.93 

12.93 

77.05 

69.28 

101.14 

94.80 

22 

5.08 

4.78 

6.79 

6.79 

0.0 

0.0 

11.33 

11.57 

28.95 

26.42 

Total 

897.23 

695.53 

735.21 

604.32 

162.40 

142.73 

1,794.84 

1,442.58 

797.65 

673.56 

Standard 

error 

96.62 

78.69 

82.86 

70.50 

16.22 

15.46 

70.93 

60.77 

PRODUCT  PRIORITY  BASIS 

10 

8.37 

0.0 

17.18 

0.0 

.74 

0.0 

26.29 

0.0 

12 

5.42 

0.0 

3.42 

0.0 

2.73 

0.0 

11.57 

0.0 

14 

0.0 

0.0 

10.80 

0.0 

1.73 

0.0 

12.53 

0.0 

16 

9.58 

2.14 

9.18 

4.16 

2.08 

.74 

20.84 

7.04 

18 

1.50 

0.0 

5.96 

0.0 

0.0 

0.0 

7.46 

0.0 

20 

1.39 

0.0 

1.31 

0.0 

0.0 

0.0 

2.70 

0.0 

22 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Total 

26.26 

2.14 

47.84 

4.16 

7.29 

.74 

81.39 

7.04 

Standard 

error 

5.99 

1.54 

8.99 

2.30 

2.56 

.53 

12 
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Abstract 


Properly  planned,  carried  out,  and  maintained,  chaparral-to-grass 
conversions  should  reduce  the  occurrence  of  large,  expensive  wild- 
fires. Dollar  values  of  "fire  benefits"  were  calculated  for  141 
convertible  areas  in  Arizona's  Salt- Verde  Basin.  Case  histories  of 
large  chaparral  fires  are  analyzed  to  illustrate  principles  of  chaparral 
and  grass  fires  in  the  Southwest.  Historical  fire  data  were  used  in  a 
predictive  model,  but  where  data  were  absent  or  insufficient, 
parameters  were  varied  within  specified  limits.  The  fire  benefit, 
though  not  as  high  as  water  and  forage  benefits  resulting  from 
conversion,  is  an  important  addition  to  a  benefit-cost  analysis.  The 
fire  benefit  varies  significantly  from  area  to  area  because  of 
differences  in  man-caused  and  lightning  risks,  and  also  in  accessibili- 
ty. While  transference  of  dollar  values  to  other  areas  is  tenuous,  the 
methodology  is  transferable  and  can  be  a  very  useful  planning  tool. 

Oxford:   436:651.7:432.16:268.44.   Keywords:  Fire  use,  economic 
evaluation,  fire  hazard  reduction,  chaparral  conversion. 
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Effects  of  Chaparral-to-Grass  Conversion  on 
Wildfire  Suppression  Costs 


Thomas  C.  Brown  and  Ron  S.  Boster 


If  properly  planned,  carried  out,  and  main- 
tained, chaparral-to-grass'  conversions  can 
favorably  influence  water  yield  (Hibbert  and 
Ingebo  1971),  forage  (Pond  1967),  sediment 
(Bbster  and  Davis  1972),  recreation  (O'Connell 
1972a),-  and  wildlife  habitat  (Reynolds  1972). 
Practical  experience  has  reinforced  research 
findings.  Conversions  are  costly,  however,  and 
the  increased  productivity  is  less  than  certain. 
The  relevant  question,  therefore,  is:  are  the 
conversion  benefits  worth  the  costs? 

A  truly  comprehensive  economic  analysis  of 
chaparral-to-grass  conversion  requires  a  full 
accounting  of  all  the  relevant  costs  and  benefits. 
The  total  benefit  is  the  sum  of  the  individual 
benefits  attributable  to  specific  resources  or 
products.  The  costs  of  chaparral-to-grass  con- 
versions are  reasonably  well  known,  as  are  the 
benefits  from  the  traditional  watershed 
products  —  water,  forage,  and  recreation 
(O'Connell  1972b).  There  is,  however,  one 
benefit  resulting  from  conversion  that  never  has 
been  adequately  identified.  This  "fire  benefit"  is 
illustrated  by  the  following  example. 

For  7  days  in  May  1972,  the  Battle  Fire 
raged  on  the  Prescott  National  Forest,  Arizona 
—  the  first  Class  E  or  larger  (300  acres  and 
above)  fire  on  that  Forest  in  14  years.  The  fire 
started  in  an  area  that  was  a  classic  conversion 
site  —  gentle  slopes,  good  access,  and  dense 
brush  —  and  burned  14,000  acres  of  chaparral 
plus  13,500  acres  of  pine  and  mixed  pine  and 
chaparral.  The  suppression  cost  was  $1.4 
million.  The  intense  heat  of  this  wildfire 
destroyed  more  organic  matter  and  left  the  soil 
more  vulnerable  to  erosion  than  would  a  proper- 
ly planned  prescribed  burn.  Ironically,  the  Bat- 
tle Flat  area  (where  the  fire  started)  was  planned 
as  a  conversion  project  6  years  earlier,  but  funds 
never  were  made  available.  There  is  general 
agreement  that,  had  the  area  been  converted  to 


•T/?e  Arizona  chaparral  type  consists  of  broad 
sclerophyll  shrub  communities  of  mostly  low-growing, 
moderate  to  deep-rooted  species  with  thick  evergreen 
leaves.  Shrub  live  oak  (Quercus  turbinella)  is  the  domi- 
nant species  of  most  stands. 

^More  information  is  available  in  a  larger  In-Service 
report  available  upon  request  from  the  Rocky  Mt.  For.  and 
Range  Exp.  Stn.,  Tucson,  Arizona. 


and  maintained  as  weeping  lovegrass 
(Eragrostis  curvula),  a  fire  starting  under  iden- 
tical conditions  would  have  been  held  to  ap- 
proximately 160  acres  at  a  probable  suppression 
cost  of  less  than  $12,000. 

Only  through  hindsight  could  one  argue 
that  the  Battle  Flat  conversion  would  have  been 
economical.  Battle  Flat  was  not  the  only  can- 
didate for  conversion,  nor  was  it  the  only  target 
for  a  fire.  This  example  should  be  taken  only  as 
illustrative  of  how  conversion  of  chaparral  to 
grass  can  decrease  the  occurrence  of  large, 
expensive  fires.  Once  this  obvious,  but  elusive, 
benefit  is  quantified,  it  can  be  incorporated  into 
a  comprehensive  management  framework  that 
considers  all  products  and  alternatives  in  rela- 
tion to  costs. 

Conversion  of  a  chaparral  area  to  grass  is 
generally  thought  to  contribute  two  fire-related 
benefits:  (1)  a  decrease  in  wildfire  suppression 
costs,  and  (2)  a  reduction  in  resource  damage. 
This  study  is  restricted  to  consideration  of  the 
first  category  only. 

There  can  be  no  argument  that  wildfire 
often  does  great  harm.  Watersheds  are  not, 
however,  vulnerable  to  total  "destruction"  as 
often  implied  by  reported  damages.  Land  does 
not  stay  damaged  forever,  so  that  damages  in 
excess  of  either  the  market  or  productive  value  of 
the  land  defy  economic  logic.  Besides,  resource 
damages  should  be  balanced  with  ecologic  and 
productive  benefits  which  also  often  result  from 
wildfires.  Fire-caused  land  damages  and 
benefits  are  complex  topics  deserving  special 
treatment,  and  therefore  are  deferred  to  a  future 
study. 

Specifically,  then,  this  Paper  concentrates 
on  the  benefits  associated  with  conversion  of 
chaparral  to  grass  attributable  to  the  reduction 
of  fire  suppression  costs.  Because  of  esthetic, 
wildlife,  recreation,  and  soil  considerations, 
only  a  (30  percent  conversion  is  assumed.  Thus, 
either  isolated  patches  of  chaparral  are  left 
untreated  within  the  conversion  area,  or  such 
patches  are  allowed  to  return  to  a  chaparral 
cover  following  initial  brush  treatment. 


Study  Area  and  Methods 

The  Salt- Verde  Basin  —  an  8.4-million-acre 
watershed  in  Arizona  defined  by  the  drainage  of 


the  Salt  and  Verde  Rivers  above  Granite  Reef 
Dam  (fig.  1)  —  was  the  study  area  for  this 
investigation.  The  Basin  is  the  most  important 
water-producer  in  the  State;  cattle  grazing  and 
timber  production  are  significant  land  uses,  and 
the  Basin  also  offers  outstanding  outdoor 
recreation  opportunities. 

The  Salt-Verde  Basin  contains  ap- 
proximately 1  million  acres  of  chaparral.  Some 
of  this  chaparral  acreage  is  convertible,  and 
conversion  would  increase  wildland  productivi- 
ty in  many  instances.  Not  surprisingly,  con- 
siderable interest  exists  across  a  broad  spectrum 
for  comprehensive  study  of  the  economics  of 
such  conversions. 

Briefly,  the  study  method  was  as  follows. 
Possible  conversion  areas  within  the  study  area 
were  identified  (Brown  1973),  and  the  fire 
histories  of  these  and  adjacent  chaparral  and 
grass  areas  were  documented.  These  data,  along 
with  supplemental  information  regarding  fire 
behavior,  occurrence,  and  suppression  costs, 


were  then  examined  within  an  economic 
framework  to  determine  the  fire-related  benefits 
of  chaparral-to-grass  conversions. 


Chaparral  Wildfire 

Considerable  money  is  spent  each  year  on 
the  Tonto  and  Prescott  National  Forests 
fighting  chaparral  wildfires.  From  1962  to  1972, 
420  chaparral  fires  were  reported  on  the  Tonto; 
137  on  the  Prescott.  Each  of  these  fires  required 
some  action  by  Forest  Service  personnel;  per-fire 
suppression  costs  ranged  from  near  zero  to  more 
than  $1  million. 

The  probability  of  a  fire  start  can  be  described 
as  a  function  of  fire  hazard  and  risk  (Deeming  et 
al.  1972).  Fire  hazard  is  determined  by  weather 
and  fuel  conditions.  The  important  weather 
variables  are  present  and  antecedent 
temperature,  humidity,  and  rainfall.  High 
temperatures  and  low  humidity  favor  fire  starts. 


\              \ 

Q 

-| 

)      ^-^ 

-^ 

y 

•«s, 

\ 

/ 

V 

^ 
^        w 

K AiaAB   / 

ffLAiSVit* 

LL      ^scVt 

V 

I     "^f  DE  RTV 

WAcr 

:»S«EO 

\ 

ARIZONA 


TtyNTO^ 


PMOEWIX 


ORANITE 
REEF   DAM 


SJtaiKAV^CS 


SAIT 


$Mgn«r  LC 


SPRINGERVILLE 


FORT  Apache  indian  reservation 
RIVER  WATERSHED 


Figure  1.  —  Salt-Verde  Basin,  includirig  'he  Prescott,  Kaibab,  Coconino,  Tonto  and  Apache-Sitgreaves  National  Forests. 


The  longer  these  conditions  persist  in  any 
particular  season,  the  more  likely  fires  become. 
Previous  season's  rainfall  is  important  because 
rainfall  favors  growth  of  grasses  and  forbs, 
which  are  easily  ignitable  when  cured. 

The  fuel  situation  in  chaparral  depends,  in 
large  part,  on  the  amount  of  cured  grass  and 
dead,  desiccated  chaparral  present  in  the  stand. 
Sparse  chaparral  stands  usually  have  grass 
and/or  forbs  between  the  bushes  (unless  the 
area  has  been  overgrazed).  In  these  areas, 
herbaceous  growth  is  often  as  important  as  the 
chaparral  in  carrying  a  fire.  In  denser  chaparral 
stands,  which  have  less  grass,  fire  starts  are  less 
frequent;  fires,  when  they  occur,  are  fierce  and 
literally  jump  from  one  chaparral  clump  to 
another  (Lindenmuth  and  Davis  1973).  Several 
years  are  required  for  chaparral  alone  to 
produce  sufficient  fuel  to  carry  a  fire.  Pond  and 
Bohning  (1971)  estimate  that  at  least  10  to  15 
years  are  generally  required  for  a  shrub  live  oak 
stand  to  reburn.  Baldwin^  has  estimated  that, 
for  Arizona,  a  dense  chaparral  stand  normally 
will  not  burn  for  15  to  20  years  following  a  fire, 
and  that  about  35  years  may  be  required  for 
sufficient  fuels  to  develop  to  support  a  conflagra- 
tion. 

Risk  of  wildfire  (the  probability  of  ignition) 
is  a  function  of  access,  human  use,  and  light- 
ning incidence.  The  better  the  access  to  an  area 
and  the  more  human  use  it  receives,  the  greater 
the  chance  of  a  man-caused  fire  start.  Likewise, 
the  more  often  lightning  strikes  an  area,  the 
greater  the  chance  of  a  lightning  fire  start. 

The  size  a  fire  will  reach  depends  on  a 
combination  of  natural  and  man-influenced 
variables.  Weather  is  important,  particularly 
wind,  temperature,  net  radiation,  humidity,  and 
rainfall.  Topography,  too,  is  important,  es- 
pecially in  conjunction  with  wind.  Fuels  must  be 
dense  and  dry  for  a  large  fire  to  develop  (Linden- 
muth and  Davis  1973).  Also,  man's  firefighting 
efforts  and  capabilities  must  be  considered. 
Finally,  seasonal  variations  in  the  above- 
mentioned  factors  are  important. 

Both  detection  and  access  help  determine 
how  soon  a  fire  is  attacked  and  controlled.  While 
there  is  considerable  variation  in  the  ability  to 
observe  and  reach  the  different  chaparral  areas 
in  the  Salt-Verde  Basin,  this  variation  has 
lessened  considerably  in  recent  years  with 
technological  advances.  Air  surveillance  can 
locate  fires  far  from  lookouts,  and  helicopters 
and  air  tankers  can  move  men  and  equipment 
and  drop  fire  retardant  on  target  within 
minutes.  The  well-planned  and  relatively  well- 
funded  fire  suppression  efforts  of  the  Forest 


Service  hold  most  fires  to  within  a  few  acres. 
However,  even  with  the  current  sophistication, 
occasionally  a  fire  —  such  as  the  Battle  Fire  — 
escapes. 


Effect  of  Conversion  on  Wildfire 
Suppression 

A  60  percent  conversion  of  dense  chaparral 
stands  to  lovegrass  has  a  definite  effect  on 
firefighting  efforts  in  and  near  the  conversion 
areas.  The  probability  of  a  fire  start  is  influenc- 
ed by  the  changes  in  vegetative  cover  (hazard) 
and  access  (man-caused  risk).  Likewise,  the 
ultimate  size  of  a  fire  starting  in  or  near  the 
conversion  area  will  be  influenced  by  the  change 
in  fuels  and  available  access. 

For  illustrative  purposes,  we  divided  post- 
conversion  fires  into  two  categories:  fires  start- 
ing in  a  converted  area  (onsite  effects)  and  fires 
starting  near  an  area  (offsite,  or  fuelbreak 
effects).  Two  case  studies  are  presented  in  each 
category. 


Onsite  Effects  of  Conversion 

The  use  of  either  weeping  lovegrass  or 
Lehmann  lovegrass  {E.  lehmanniana)  is  as- 
sumed as  the  conversion  species.  Although  eas- 
ier to  establish  and  more  palatable  to  cattle, 
Lehmann  lovegrass  is  subject  to  winterkill  at 
higher  elevations.  Under  normal  moisture  con- 
ditions in  the  chaparral  country  of  central 
Arizona,  these  exotic  (originally  from  Africa) 
perennial  grasses  are  green  from  April  to  Oc- 
tober.^ 

The  likelihood  of  a  fire  start  and  the  subse- 
quent fire  size  depend,  in  part,  upon  the  amount, 
proportion,  and  distribution  of  cured  grass. 
Cattle  grazing  and  prescribed  burning  help  to 
control  accumulations.  However,  because 
proper  grazing  management  utilizes  ap- 
proximately 50  percent  of  a  season's  grass 
growth  (Leithead  1963,  USDA-Forest  Service 
1965),  and  because  maintenance  burns  should 
be  spaced  3  to  4  years  apart,  some  cured  grass 
will  be  held  over  most  years.  The  probability  of  a 
fire  start  is  very  low  immediately  following 
either  an  initial  (conversion)  burn  or  a 
maintenance  burn  because  of  the  lack  of  cured 
grass.  The  probability  that  a  start  will  develop 
into  a  large  fire  is  also  significantly  reduced 
during  the  same  period. 

The  likelihood  of  a  fire  start  increases  as  cured 
grass  accumulates  (especially  in  dry  years  im- 
mediately following  a  season  of  high  herbage 


^Personal  communication  with  Joy  J.  Baldwin 
Staff  Officer,  Tonto  National  Forest,  USDA  Forest  Ser- 
vice, Phoenix,  Arizona.  1972. 


^More  detailed  botanical  information  about  these 
grasses  miy  be  found  in  Crider  (1945)  and  Humphrey 
(1960,1964). 


production).  However,  grass  fires  are  generally 
easier  to  control  than  dense  chaparral  fires  for 
several  reasons:  (1)  grass  fuels  are  finer  than 
chaparral,  making  slurry  much  more  effective 
and  backfiring  more  feasible;  (2)  access  is  easier; 
(3)  green  lovegrass,  present  most  years  during 
the  fire  season,  reduces  the  rate  of  spread,  fire 
intensity,  and  flashiness;  and  (4)  during  a  dry  or 
low  forage  production  year,  grazing  use  will  be 
above  normal,  which  will  reduce  fuel  concentra- 
tion. Two  examples  of  large  chaparral  fires 
which  started  in  possible  conversion  areas 
illustrate  these  points."' 

The  Boulder  Fire  (fig.  2)  burned  21,700 
acres  of  brush  and  grass  on  the  Tonto  National 
Forest  from  June  13  to  25,  1959,  and  cost 
$567,408  to  suppress.  During  the  first  3  days  the 
fire  spread  entirely  within  a  chaparral  area  with 
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Figure  2.  —  Two  fires  used  as  examples  for  onsite  effects  of 
conversion:  A,  Boulder  Fire,  June  13,  1959;  B,  Peaks  Fire, 
October  75,  7967. 


^  The  two  fires  described  as  case  studies  here  and  the 
two  fires  used  as  case  studies  in  the  following  subsection 
were  the  only  Class  E  or  larger  fires  (300  acres  and  above) 
in  or  near  possible  conversion  areas  in  the  Salt-Verde 
Basin  for  which  detailed  fire  reports  were  available.  The 
Battle  Fire  occurred  outside  the  Basin. 


possibilities  for  conversion  to  lovegrass.  The  fire 
did  not  spread  far  those  first  3  days  because 
about  0.5  inch  of  rain  fell  on  the  area  the  day  the 
fire  started.  Reasons  given  for  not  controlling 
the  fire  were  (1)  very  poor  access  due  to  lack  of 
roads  and  dense  brush,  (2)  too  little  fire  retar- 
dant,  and  (3)  the  "extreme  weather  conditions" 
(high  temperatures  and  strong,  gusty,  variable 
winds)  which  developed  on  June  16  (USDA- 
Forest  Service  1959). 

The  spring  and  summer  of  1958  saw  a 
bumper  grass  crop  in  most  parts  of  the  State 
which  would  have  resulted  in  a  high  carryover 
of  grass  herbage  unless  a  maintenance  burn 
followed  in  early  1959.  Precipitation  for  the 
winter  of  1958-59  was  below  average  so  that,  by 
mid-June  there  may  not  have  been  much  green 
lovegrass  had  the  area  been  converted. 

However,  given  the  same  attack  methods 
and  weather  conditions,  it  is  the  consensus  of 
experts  that,  with  conversion,  the  fire  would  not 
have  developed  as  it  did.  If  the  grass  were 
sufficiently  green,  the  rainfall  and  resultant 
humidity  might  have  prevented  or  at  least 
constrained  the  fire  in  its  early  stages;  if  not,  the 
two  slurry  drops  on  June  14  probably  would 
have  been  adequate  to  permit  control.  Even  if 
they  had  failed,  the  men  who  reached  the  fire  on 
the  14th  could  have  used  the  grass  for  backfir- 
ing. Furthermore,  foot  access  would  have  been 
improved  because  of  the  conversion. 

The  case  of  another  large  chaparral  fire 
which  started  in  a  possible  conversion  area  is 
quite  different.  The  Peaks  Fire  (fig.  2)  started 
October  15, 1967,  and  was  controlled  6  days  later 
at  a  cost  of  approximately  $30,000.  A  total  of  680 
acres,  mainly  of  dense  brush,  burned  near  Four 
Peaks.  The  fire  burned  within  a  possible  conver- 
sion area  during  the  first  day,  but  moved  into  an 
area  of  chaparral  too  steep  for  conversion  by  the 
second  day.  The  possible  effect  that  conversion 
to  lovegrass  might  have  had  on  the  fire  depends 
in  large  part  on  how  green  the  grass  would  have 
been  that  October  15. 

In  fact,  1967  was  a  dry  year;  January- 
September  rainfall  was  37  percent  below  nor- 
mal, and  no  rain  was  recorded  in  October 
(average  October  precipitation  is  1.59  inches).  It 
is  therefore  reasonable  to  expect  that  any  grass 
would  have  been  cured  by  the  middle  of  October. 
If  grazing  use  had  been  light,  the  accumulated 
cured  grass  would  have  allowed  the  fire  to 
spread  faster  than  it  actually  did  in  the  dense 
chaparral.  If  grazing  had  been  normal, 
however,  the  light  herbage  production  resulting 
from  the  low  precipitation  would  probably  have 
been  largely  consumed,  so  that  fire  spread  would 
have  been  impeded.  Regardless,  the  three  men 
who  arrived  the  first  day  might  have  been  able 
to  use  the  grass  to  backfire.  In  any  case,  no  firm 
conclusion  is  possible. 


The  Fuelbreak  Effect  of  Conversion 

Conversion  could  have  two  beneficial  effects 
on  fires  starting  near  converted  areas.  First  of 
all,  access  to  the  area  may  be  improved  because 
of  roads  installed  for  the  conversion  or  because 
of  the  removal  of  heavy  brush  in  the  area.  More 
important,  however,  is  the  fuelbreak  provided  by 
the  conversion  area.  If  the  fire  moved  in  the 
direction  of  the  converted  area,  it  would  stop  at 
the  conversion  area  if  the  grass  were  mostly 
green  and/or  closely  grazed.  If  the  grass  were 
largely  cured,  a  sufficiently  rapid  attack  would 
permit  it  to  be  used  for  backfiring  or  slurry 
deposition.  The  presence  of  a  converted  area  in 
the  vicinity  of  a  fire  start  could  therefore  permit 
firefighting  efforts  to  be  concentrated  elsewhere. 

The  Soldier  Fire'^  (fig.  3)  which  started 
about  150  yards  from  a  possible  chaparral 
conversion  area,  burned  4,700  acres  west  of  Four 
Peaks  from  July  3  to  July  7,  1970,  and  cost 
$375,000  to  suppress.  The  fire  moved  mainly  to 
the  west  and  south,  in  the  direction  of  the 
possible  conversion  area.  Because  of  below- 
average  January-to-June  rainfall,  a  lovegrass 
stand  would  probably  have  contained  a  large 
proportion  of  cured  grass  unless  it  had  recently 
burned.  If  recently  burned  it  would  have  held  the 
fire  in  its  southerly  and  westerly  spread;  if  cured, 
it  could  have  been  used  for  backfiring. 
Regardless,  there  should  not  have  been  much 
trouble  in  holding  the  fire  in  either  direction. 
More  effort  could  then  have  been  centered  on 
keeping  the  fire  from  spreading  to  the  north  and 
east. 

A  total  of  about  150,000  gallons  of  slurry, 
dropped  by  11  planes,  was  used  to  fight  the  fire. 
The  actual  drop  times  are  unavailable,  but  a 
conservative  estimate  is  that  if  eight  planes  had 
each  made  three  drops  the  morning  of  July  4  to 
suppress  northerly  and  easterly  spread  (a  total 
application  of  about  43,000  gallons  of  slurry),  the 
fire  would  have  been  controlled  by  noon  on  July 
4  and  held  to  less  than  500  acres. 

The  Buckhorn  Fire,  northwest  of 
Roosevelt  Lake,  provides  another  example  of  the 
fuelbreak  effect  (fig.  3).  The  fire  started  June  14, 
19(i(-),  and  was  controlled  6  days  later,  at  a  cost  of 
$122,269,  after  having  burned  about  8,000  acres 
of  brush  and  native  grass.  The  fire  started  in 
mixed  brush  and  grass  on  steep  slopes  between 
two  possible  conversion  areas.  Typical  of  fires 
which    rely   on   desert  grass   for  fuel,  the  fire 


'•From  fi^uri'  2.  it  appears  the  Soldier  Fire  burned  the 
same  area  in  1970  that  the  Peaks  Fire  burned  in  1967. 
Althouf^h  the  fire  report  for  the  Soldier  Fire  only 
delineated  the  outside  fire  boundaries,  that  Fire  actually 
burned  around  the  Peaks  burn,  and  only  entered  the 
perimeter  of  the  earlier,  cooler  burn  where  stringers  of 
unhurned  brush  remained. 


quieted  down  early  in  the  morning,  June  15,  and 
did  not  pick  up  again  until  midmorning.  During 
this  time  50  men  arrived  at  the  fire,  which  was 
then  about  200  acres.  Even  with  the  aid  of  slurry, 
however,  they  were  unable  to  control  the  fire. 

Had  the  areas  to  the  east,  south,  and  north- 
northwest  been  converted  to  lovegrass,  their 
firefighting  efforts  would  likely  have  been  more 
effective.  The  fire  would  have  been  held  at  the 
conversion  areas  if  maintenance  burns  had 
preceded  the  wildfire  that  year.  Otherwise,  the 
lovegrass  might  have  been  green  enough  to  hold 
the  fire  (this  is  not  certain  because  of  below- 
average  rainfall  in  1966);  if  not,  the  firefighting 
crews  could  have  backfired  from  the  grass.  In 
either  case,  men  and  slurry  could  have  concen- 
trated on  fighting  the  fire  spread  in  directions 
not  protected  by  conversion.  During  the  time  the 
fire  quieted  down,  the  50  men  more  easily  could 
have  controlled  the  spread  to  the  northeast  by 
merely  closing  off  the  gap  between  the  two 
possible  conversion  areas.  Even  if  the  fire  had 
burned  to  its  ultimate  boundary  to  the 
southwest,  the  fire  would  still  have  been  held  to 
roughly  2,400  acres. 
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B  -  Buckhorn  fire  -  June  14 ,  1966 


Figure  3.  —  Two  fires  used  as  examples  for  the  fuefbrealf 
effect  of  conversion:  A,  Soldier  Fire.  July  3.  1970:  B, 
Buckhorn  Fire.  June  14.  1966. 


Analysis  Framework 

Water  and  forage  benefits  arise  from  in- 
creased productivity,  and  are  properly  classified 
as  "profit"  maximization  benefits.  The  fire 
benefit,  so-called,  is  clearly  a  cost  minimization 
benefit;  the  greater  the  reduction  in  firefighting 
costs,  the  greater  the  benefit.  Ail  benefits  arising 
from  conversion  of  chaparral  to  grass  do, 
however,  have  one  main  commonality  —  they 
vary  from  year  to  year  depending  upon  weather, 
management,  and  conversion  maintenance.  The 
problem  is  to  estimate  the  yearly  values. 

Of  the  1  million  acres  of  chaparral  within 
the  Salt-Verde  Basin,  about  85  percent  is  on 
National  Forest  lands.  Only  part  of  this 
National  Forest  chaparral  land,  however,  is 
suitable  for  conversion.  Brown  (19715)  delineated 
141  areas  within  the  Basin,  encompassing  354,- 
000  acres  of  National  Forest  chaparral,  for 
future  conversion  consideration  based  on  three 
criteria:  (1)  chaparral  crown  cover  greater  than 
30  percent,  (2)  slopes  less  than  60  percent,  and  (3) 
chaparral  not  in  a  wilderness  or  primitive  area. 
The  sizes  of  these  areas  range  from  88  to  12,160 
acres;  the  average  size  is  2,443  acres.  The 
analysis  that  follows  is  based  on  the  fire 
histories  of  these  141  areas. 

We  used  the  "with  and  without"  procedure 
(U.  S.  Senate  1962).  P^stimated  fire  suppression 
costs  with  conversion  were  compared  with  es- 
timated costs  without  conversion;  the  difference 
between  them  was  the  fire  benefit.  Present 
Forest  Service  wildfire  suppression  policy  and 
practices  were  assumed.  The  basic  items  of 
information  required  were:  (1)  fire  suppression 
costs  by   fire  size  class,   (2)  average  annual 


number  of  fires  per  area,  and  (3)  distribution  of 
fires  by  size  class. 

Average  annual  fire  suppression  costs  (C)  for 
area  i  may  be  expressed  as: 

q^vN-i^Ck  in 

where, 

N-u  =  average  number  of  class  k  fires  in  area  i 

Cj^  =  average  suppression  costs  of  a  class  k  fire. 

Written  another  way, 

Ci  =  N-Pi^Ck  [21 

where. 


average  annual  number  of  fires  in  area  i 
-  proportion  of  class  k  fires  in  area  i 


Ni  = 

Pik 

Equation  2  contains  the  three  basic  parameters 
(above)  as  factors.  Each  parameter  can  be 
expected  to  differ  for  the  two  conditions  —  with 
conversion  and  without. 

National  Forest  fire  records  provided  the 
necessary  data.  Individual  fire  reports  were 
useful  data  sources.  Unfortunately,  a  generally 
observed  Forest  Service  policy  directs  that  these 
reports  be  destroyed  after  10  years.  Because 
much  relevant  fire  data  was  thereby  eliminated, 
an  iteration  approach  was  taken;  where  there 
was  uncertainty  over  a  parameter  value,  the 
parameter  in  question  was  varied  over  a  range 
deemed  inclusive  of  the  true  value.  Table  1 
summarizes  these  parameter  variations  — 
resulting  in  252  alternatives  —  for  the  "with" 
and  "without"  conditions. 


Table 


•Summary   of    parameter    variations,    Salt-Verde    Basin,    Arizona 


Parameter 


Without  conversion 


With  conversion 


Fi  re  occurrence 


Computed  from  historical  record 


Factors  0.5-1.0  by  0.1  increments 
applied  to  the  preconvers ion 
historical  record  (6  cases) 


Fi  re  s  ize  class 
di  St  ri  but  ions 


Computed  from  historical  record  two 
ways:  (1)  Basinwide  data:  and  (2) 
Ranger  District  data  (2  cases) 


Three  postulated:   (1)  eliminate 
Class  E  and  larger  fires  (2) 
eliminate  one-half  of  Class  E  and 
larger  fires  (3)  same  as  vnthout 
conversion  (3  cases) 


Fi  re  suppress  ion 
costs 


Classes    A,    B,    and    C    computed    from 
recent    record    for   chaparral    fires 
in    Salt-Verde   Basin;    D  and   E+   fires 
cost    from   $15   to   $75   per  acre    by 
$10    increments    (7   cases) 


Classes  A,  B,  and  C  computed  from 
recent  record  for  grass  fires  in 
Salt-Verde  Basin;  D  and  E+  fires 
--same  iterations  as  for  precon- 
version  (1  case) 


The  annual  fire  benefit  (B)  for  each  area  (i) 
and  for  each  alternative  considered  (j)  is  simply 
the  difference  between  the  with  (C)  and  without 
(C")  conversion  wildfire  suppression  costs, 


Bij 


[3] 


Fire  Occurrence 

Fire  occurrence  maps,  which  pinpoint  fire 
locations,  were  used  to  develop  average  fire 
occurrence  rates  {N{  in  equation  2)  for  eacb  of  the 
141  areas.  The  number  of  fires  per  area  divided 
by  the  years  of  record  gives  an  estimate  of  the 
average  number  of  fires  per  year  in  an  area. 
These  averages  ranged  from  zero  to  3.0,  with  an 
average  of  0.31. 

Some  might  argue  that  because  the  length  of 
record  (24  years  for  most  areas)  is  close  to  the 
minimum  length  of  the  chaparral  fire  cycle, 
individual  area  fire  occurrence  rates  are  only 
crude  approximations  of  the  true  rates.  This 
would  be  true  were  it  not  for  the  fact  that  natural 
fire  cycles  have  for  many  years  been  interrupted 
by  the  Forest  Service's  wildfire  suppression 
efforts.  The  many  chaparral  fires  which  have 
occurred  have  covered  a  rather  small  acreage, 
the  result  of  the  vast  majority  of  wildfires  being 
held  to  below  10  acres.  Consequently,  most  areas 
under  consideration  here  tend  to  be  at  or  nearly 
at  the  end  of  their  fire  cycles,  so  that  a  24-year 
record  is  probably  adequate  to  obtain  represent- 
ative fire  occurrence  rates.  Two  points  follow 
from  this  reasoning:  (1)  because  most  areas  are 
at  or  nearly  at  the  end  of  their  fire  cycles,  fire 
occurrence  rates  will  tend  to  be  higher  than  they 
would  be  without  the  suppression  program,  and 
(2)  large  differences  in  fire  occurrence  rates 
between  areas,  which  were  not  uncommon,  very 
likely  stem  from  intrinsic  differences  between 
the  areas  rather  than  from  differences  in  posi- 
tion within  the  fire  cycle. 

Neither  research  nor  management  ex- 
perience permits  accurate  estimates  of  post- 
conversion  fire  occurrence.  With  inadequate 
maintenance,  postconversion  fire  start  rates 
may  actually  increase.  However,  with  proper 
grazing  management  and  an  adequate 
maintenance  commitment,  fire  start  rates 
should  vary  from  very  low  immediately  follow- 
ing a  maintenance  burn  to  near-preconversion 
levels  at  the  end  of  each  maintenance  cycle  (3  to 
4  years).  Between  these  extremes  is  a  fuel 
condition  representative  of  an  area's  average 
postconversion  fire  hazard  and  associated  with 
this  condition  is  a  fire  start  rate  useful  for  long- 
range  analysis.  To  account  for  our  inability  to 
justify  any  single  value,  a  range  of  values,  based 
on  a  canvass  of  chaparral  fire  experts,  was  used 
(table  1). 


Fire  Size  Class  Distribution 

The  Poorest  Service  classification  scheme 
was  used  for  this  parameter,  though  Class  E  and 
larger  fires  were  aggregated  into  one  category  — 
"E+"  —  because  of  the  relative  infreciuency  of 
large  chaparral  fires  in  the  Basin  (table  2).  Two 
average  fire  size  class  distributions  were  com- 
puted for  the  Basin,  one  from  all  chaparral  fires 
and  one  from  fires  only  occurring  in  the  141 
areas  (table  2).  The  two  distributions  are  ob- 
viously similar;  we  used  the  latter  because  it  was 
derived  directly  from  fires  in  the  141  areas. 

Size  class  distributions  for  these  areas  by 
each  Ranger  District  (table  2,  lines  3-12)"  were 
also  used  (see  table  1).  Basin  Ranger  Districts 
obviously  experienced  varying  degrees  of 
chaparral  fire  suppression  success;  differences 
in  weather,  topography,  fuels,  and  distance  from 
suppression-related  facilities  (for  example,  air- 
ports, lookouts,  and  crew  locations)  are  probably 
the  main  reasons.  Because  three  Districts  — 
Cave  Creek,  Chino  Valley,  and  Verde  —  had  few 
fires  (table  2),  their  distributions  are  subject  to 
considerable  error;  thus,  the  more  aggregative 
Basinwide  distribution  (table  2,  line  2)  provided 
a  useful  check. 

We  reported  the  Battle  Fire  and  the  four 
Basin  fires  (which,  as  noted  above,  were  not 
selectively  chosen)  to  help  describe  the  effect  of 
conversion  on  wildfire  suppression  efforts.  In  all 
but  one  case,  fire  experts  agreed  that  prior 
conversion,  with  maintenance,  would  have 
allowed  firefighters  to  hold  the  fires  to  smaller 
size.  We  believe  that  conversion  on  other  areas 
would  have  similar  effects. 

Probably,  the  most  optimistic  change  in  the 
postconversion  fire  size  class  distributions 
would  be  the  elimination  of  all  E+  fires  in  the 
vicinity  of  conversion  sites.  Although  conver- 
sion will  probably  be  quite  effective  in 
eliminating  the  very  costly,  large  E+  fires,  all 
E+  fires  will  not  likely  be  eliminated.  A  more 
conservative  and  realistic  expectation  would  be 
the  elimination  of  half  of  all  E+ fires.  The  lowest 
estimate  is  no  change  at  all  in  the  size  class 
distribution  following  conversion  (see  table  1). 


Fire  Suppression  Costs 

Firefighting  costs  have  skyrocketed  during 
the  past  2  decades.  Updating  suppression  costs 


'  Another  fire  occurrence  distribution. derived  from  all 
chaparral  fires  by  Ranger  District,  is  statistically  similar 
to  the  distribution  based  on  chaparral  fires  only  in 
delineated  feasible  com'crsion  areas  by  Ranger  District. 
The  computed  one-tail  associated  probability  U'as0.34.us- 
ing  the  Wilcoxon  Matched  Pairs  SignedRanks  Test 
(Siegel  19'i6.  p.  75-HH).  indicating  acceptance  of  the  null 
hypothesis  of  "no  difference. " 


to  current  values  would  be  difficult  because  of 
the  unknown  contribution  from  noninflationary 
causes  such  as  the  increased  use  of  aircraft. 
Suppression  costs  for  smaller  fires  have  been 
reported  only  since  1970,  but  their  high  frequen- 
cy of  occurrence  provided  adequate  cost  es- 
timates for  classes  A,  B,  and  C  chaparral  and 
grass  fires  (table  3). 

The  scarcity  of  Class  1)  and  larger  fires 
suggested  the  iterative  approach  dtscrioed  in 
table  1 .  The  low  value  ($15  per  acre)  wtis  reported 
by  Suhr  (1967,  p.  24)  as  average  for  a  project-size 
(Class  E  and  above)  chaparral  fire  in  the  Brushy 
Basin  area  of  the  Salt- Verde  Basin.  The  high 
value  ($75  per  acre)  is  slightly  above  the  per-acre 
cost  of  the  1972  Battle  Fire,  a  high-cost  fire.^ 
These  per-acre  costs  were  then  multiplied  by  the 
average  size  of  D  and  E+  fires  —  200  and  7,500 


acres,  respectively-'  —  to  obtain  the  average- 
suppression  costs  for  CTass  1)  and  K+  fires. 


Table    3-~~Average    suppression   costs    for 

Classes  A,  B,  and  C  chaparral  and 
grass  fires,  Salt-Verde  Basin, 
Arizona  (data  for  1970,  1971,  1972) 


Chap 

arral 

G 

rass 

Average 

Average 

CI  ass 

Number 

cost 

Number 

cost 

A 

132 

$  239 

62 

$  204 

B 

37 

1,632 

k2 

485 

C 

15 

2,99^4 

19 

1,646 

Table  2. --Fire  size  class  distributions  (percent),  Salt-Verde  Basin,  Arizona 


Fire  size  class  distributions 


A 
(0-1/4 

B 
(1/4-10 

(10-100 

D 
(100-300 

,  E+ 
(500+ 

acres) 

acres) 

acres) 

acres) 

acres) 

Total 


Number 

of 

f  i  res 


Basinwide  data: 

1.  All  Basinwide  chaparral  fires    70 

2.  Fires  in  141  chaparral  areas    74 


21 
20 


100 
100 


643 
536 


Ranger  District  data  for 
l4l  chaparral  areas: 

Tonto  National  Forest-- 


3 

Cave  Creek 

4 

Globe 

5 

Mesa 

6 

Payson 

7 

Pleasant  Val 1 

ey 

8 

Roosevel t 

P 

-escott  National 

Forest- 

9 

Chino  Val  ley 

10 

Thumb  Butte 

11 

Verde 

12 

Walnut  Creek 

37.5 

37.5 

47 

39 

^3 

41 

91 

9 

8^ 

15 

57 

30 

63 

25 

81 

17 

62 

30.5 

96 

3 

12.5 

11 


12 


2.5 

100 

8 

- 

100 

74 

4 

100 

49 

- 

100 

116 

- 

100 

102 

4 

100 

95 

_ 

100 

8 

2 

100 

42 

7.5 

100 

13 

- 

100 

71 

"Personal  communication  with  Frank  O.  Carroll, 
Division  of  Fire  and  Air  Manafiement,  Southwestern 
Region,  USD  A  Forest  Service,  Albuquerque,  New  Mexico. 
1972. 


''The  average  size  of  a  Class  D  fire  may  he  assumed  to 
he  200  acres  fa  Class  D  fire  is  defined  as  from  100  to  300 
acres).  The  average  for  the  17  recorded  Basin  Class  E+ 
fires  from  1955-72  was  7,401  acres  (Sx  =  2,146). 


Results 

For  all  alternatives  (see  table  1 )  and  for  each 
of  the  141  chaparral  areas,  the  expected  fire 
suppression  costs  both  with  and  without  conver- 
sion were  calculated  and  the  differences  (Bjj ) 
taken.  The  per-acre  fire  benefit  associated  with 
each  alternative  is  the  weighted  average  (by 
area  size)  of  the  141  B|'s  for  that  alternative.'" 
We  believe  these  simulated  fire  benefits,  which 
range  from  $0.03  to  $1.13  per  acre  per  year, 
include  all  reasonable  possibilities  of  the 
average  cost  savings  from  conversion  of  dense 
chaparral  in  the  Salt-Verde  Basin. 

What  happens  to  the  fire  benefit  if 
parameter  values  are  fixed?  In  the  following 
analysis,  the  two  fire  size  distributions 
(Basinwide  and  Ranger  District)  are  retained, 
but  we  substitute  the  following  values  for  the 
previously  varied  parameters:  a  $45  per-acre 
suppression  cost  for  D  and  E+  chaparral  and 
grass  fires  (approximately  the  average  uncom- 
pounded  suppression  cost  of  the  nine  E+  fires 
recorded  in  the  Basin  for  which  cost  records 
exist),  and  a  20  percent  reduction  in  fire  starts 
following  conversion  (a  reasonable  assumption 
provided  conversions  are  maintained  every  3  or 
4  years). 

These  assumptions  were  coupled  with  the 
three  postulated  postconversion  wildfire  dis- 
tributions to  yield  three  sets  of  fire  benefits  (table 
4).  What  we  would  call  the  maximum  arguable 
benefit  is  associated  with  a  postconversion  dis- 
tribution with  no  E+  fires  in  or  near  conversion 
areas.  The  annual  per-acre  benefit  for  this 
alternative  is  $0.48  or  $0.67  (table  4,  line  l),'' 
depending  on  which  fire  size  class  distribution  is 
used. 

A  more  conservative  estimate  —  and  one 
more  appropriate  for  benefit-cost  analysis  — 
derives  from  the  assumption  that  half  of  the 
proximate  E+  fires  are  eliminated  as  a  result  of 
conversion.  The  annual  per-acre  fire  benefits  for 
this  alternative  are  $0.31  and  $0.43  (table  4,  line 
2). 

A  still  more  conservative  assumption  is  that 
conversion  will  cause  no  change  in  the  post- 


conversion  fire  occurrence  distribution.  For  this 
alternative,  the  benefit  estimates  are  lowest  — 
$0.13  and  $0.18  per  acre  per  year  (table  4,  line  3) 
—  reflecting  only  the  20  percent  reduction  in  fire 
starts  and  reduced  costs  of  suppressing  small 
(Class  A,  B,  and  C)  grass  fires  rather  than  small 
chaparral  fires. 

How  do  these  values  compare  with  other 
wildland  values  (for  example,  water  and  forage 
benefits)  which  also  may  result  from  conver- 
sion of  chaparral  to  grass?  As  with  fire  benefits, 
water  and  grazing  increases  (if  any)  will  vary 
considerably  across  areas.  Based  on  an  ex- 
haustive analysis  of  feasible  conversion  areas  in 
the  Salt-Verde  Basin,  Brown,  O'Connell,  and 
Hibbert'-  place  the  average  annual  forage 
benefit  at  over  $1  per  acre  and  the  water  be- 
nefit at  about  double  the  forage  benefit.  It  is 
readily  seen  (table  4)  that  even  for  the  maximum 
arguable  fire  benefit  ("eliminate  E  and  larger 
fires"),  the  annual  forage  benefit  is  twice  and  the 
water  benefit  more  than  four  times  as  great. 

From  a  management  perspective,  present 
values  are  generally  more  useful  than  annual 
values.  As  distinguished  from  annual  value 
(reported  above),  present  value  is  the  current 
worth  of  the  stream  of  yearly  benefits  over 
time.  Derivation  of  present  values  requires  dis- 
counting annual  values  over  a  specified  plan- 
ning horizon.' *  The  midpoints  ofthe  three  sets  of 
annual  fire  benefits  (table  4)  were  chosen  as  the 
annual  values  for  discounting  purposes:  for  "no 
change"  the  midpoint  between  13  and  18  cents  is 
15.5  cents;  for  "eliminate  one-half  of  E+  fires" 
the  value  is  37.0  cents;  and  for  "eliminate  E+ 
fires"  the  value  is  57.5  cents.  These  per-acre 
values  were  discounted  at  two  rates  over  a  50- 
year  planning  horizon  —  6-7/8  percent  as 
recommended  by  the  Water  Resources  Council 
(1973,  p.  86)  and  also  at  10  percent,  which  some 
have  argued  is  more  appropriate  (Cicchetti  et  al. 
1973).  At  6-7/8  percent  the  present  values  for 
these  three  alternatives,  in  order,  are  $2.17, 
$5.19,  and  $8.06  per  acre;  at  the  10  percent  rate 
the  values  are  $1.54,  $3.67,  and  $5.70  per  acre 
(table  4). 


'"The  weighted  average  annual  per-acre  fire  benefits 
for  each  alternative  j  may  be  computed  from: 

1  B 

,      'J 


i.  A- 
I 
I 

where. 


B-  =  fire  benefit  for  area  i  and  alternative  j 

A  ■  =  size  of  area  i  in  acres 

"The  additional  elimination  of  Class  D  fires  in- 
creases the  benefit  little  because  of  the  low  incidence  of  D 
fires:  the  annual  per-acre  benefit  range  is  from  $0.49  to 
$0.68. 


''Brown.  Thomas  C.  Paul  F.  O'Connell. and  AldenR. 
Hibbert.  Chaparral  conversion  potential  in  Arizona.  Part 
II:  an  economic  analysis,  (in  preparation  for  publication. 
Rocky  Mountain  Forest  and  Range  Experiment  Station. 
Fort  Collins.  Colorado). 

'  'If  Af  represents  the  annual  value  in  yeart.  then  fora 
planning  horizon  of  n  years,  the  present  value  is  ex- 
pressed as: 
n 
l[Af/(l  +  (/] 

t=l 

where  i  is  the  interest  or  discount  rate. 


The  cost  savings  (fire  benefits)  reported 
heroin  are  averages  and,  as  such,  should  not  be 
applied  to  any  particular  area.  The  model  did, 
however,  provide  tire  benefit  estimates  for  in- 
dividual areas  (not  listed  in  this  report).  For  all 
alternatives  considered  (see  table  1),  individual 
area  savings  (Hi)  were  less  than  the  mean  for 
approximately  three-fourths  of  the  141  areas. 
Differences  in  fire  occurrence  rates  were  the 
major  source  of  variation.  With  special  scru- 
tiny (for  example,  onsite  inspection) ,  these  in- 
dividual area  estimates  can  be  validated  or  mod- 
ified to  provide  useful  planning  information. 


Summary  and  Conclusions 

Our  primary  objective  was  to  evaluate  how 
chaparral-to-grass  conversion  would  affect  wild- 
fire suppression  costs  on  141  chaparral  areas  in 
the  8.4-milli()n-acre  Salt-Verde  Basin  of  central 
Arizona.  The  quantification  of  this  potential 
cost  savings  is  a  necessary  input  into  any 
comprehensive  economic  analysis  of  chaparral 
conversion  for  the  Basin.  An  important  assump- 
tion was  that  current  Forest  Service  wildfire 
policies  remain  essentially  unchanged.  Another 
assumption  was  that,  as  a  result  of  proper  site 
selection  and  properly  managed  conversions, 
adequate  grass  stands  are  established  and 
maintained. 

Conversion  of  chaparral  to  perennial 
lovegrass  tends  to  cut  firefighting  costs.  Initial 
conversion  and  subsequent  maintenance  will 
keep  dry  fuels  at  lower  levels,  thereby  reducing 
the  average  number  of  fires  per  year.  If  fires  do 
start  in  the  converted  areas,  they  are  more  easily 
controlled  because  of  fuel  reduction   and  im- 


proved access.  Whether  a  fire  starts  in  or  near  a 
converted  area,  the  lovegrass  can  be  used  as  a 
fuelbreak  if  green,  or  for  backfiring  if  cured. 

Over  a  wide  array  of  simulated  alternatives, 
the  average  annual  per-acre  cost  savings  (fire 
benefit)  ranged  from  $0.03  to  $1 .1 3  across  the  141 
areas.  Focusing  on  the  more  plausible  parameter 
values  and  three  postconversion  fire  size  class 
distributions  narrows  this  range  considerably. 
If  all  Class  E  and  larger  fires  are  eliminated  as  a 
result  of  conversion  —  an  optimistic,  but  not 
incredible,  assumption  —  fire  benefits  are 
highest,  the  estimates  being  $0.48  and  $0.67  per 
acre  per  year.  These  are  the  maximum  arguable 
economic  values.  If  only  half  the  VA  fires  are 
eliminated  —  a  more  reasonable  expectation  — 
the  values  are  $0.31  and  $0.43.  And,  if  the 
postconversion  fire  size  class  distributions 
remains  unchanged,  the  fire  benefits  are  lowest, 
$0.13  and  $0.18. 

The  wide  variation  in  fire  benefits  among 
individual  areas,  coupled  with  the  fact  that 
three-fourths  of  the  areas  had  per-acre  benefits 
below  the  mean  benefit,  requires  this  caveat: 
these  average  fire  benefits  should  not  be  applied 
to  individual  areas  without  special  scrutiny. 
However,  individual  area  fire  benefits  (from 
which  the  averages  were  calculated)  may,  with 
supplemental  knowledge,  provide  useful  plan- 
ning information. 

This  study  concentrated  on  a  specific  area  — 
Arizona's  Salt-Verde  Basin  —  and  the 
calculated  fire  benefits  may  not  be  transferable 
to  other  areas.  The  methodology,  however,  is 
transferable.  The  crux  of  the  method  is  the 
widely  accepted  "with  and  without"  procedure. 
The  degree  of  iteration-simulation  will  depend 
upon  data  availability.  l)Ut  no  matter  how  much 


Table  '(.--Estimated  average  annual  per-acre  dollar  savings  and  present  values  from  conversion  of 

chaparral  to  lovegrass,  Salt-Verde  Basin,  Arizona' 


Postconversion  change  in 
fire  class  distribution 


Range  of  mean  annual 
per-acre  savings^ 


Present  val ues  at : 
6-7/8^  10°^ 


1.  Eliminate  E  and  larger  fires  $0.^8 

2.  Eliminate  one-half  of  E  and  larger  fires      .31 

3.  No  change  .  1 3 


0.67 

S8.06 

5.70 

.^3 

5.19 

3.67 

.18 

2.17 

].5h 

^Assumes  a  %^S    per-acre  suppression  cost  for  Class  D  and  larger  chaparral  and  grass  fires,  and  a 
20  percent  reduction  in  fire  starts  following  conversion. 

The  left  values  were  derived  using  Basinwide  data;  the  right  values  were  derived  using  Individual 
Ranger  District  data. 

A  50-year  planning  horizon  was  postulated.   The  present  values  were  computed  from  the  midpoint 
value  of  the  mean  annual  per-acre  savings  for  each  row. 
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or  how  good  the  data,  there  is  no  substitute  for 
concomitant  input  from  those  with  firsthand 
knowledge  of  the  areas. 
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